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INTRODUCTIO N AND SUMMARY

INTRODUCTION

This report is submitted in compliance with Item A002 , Exhibit A , of Contract
N62269—7 6-C—0199. This application study final report considers the feasibility of
replacing the existing F-14 Caution Advisory Subsystem with a Master Moni tor Dis-
play (MMD) . This study shows that it is entirely feasible to incorporate an MMD into
the F-14 aircraft , in spite of the fact that the F—14 is in the advanced stage of produc-
tion. Moreover , this addition would enhance the pilot’s effectiveness as manager of
a number of highly complex aircraft systems. This is accomplished by reducing the
pilot’s workload , particularly during times of crisis.

In any aircraft, some means of monitoring the inflight operating status of those
systems that are required to maintain and ensure safe flight is necessary . In the
past , and particularly in the F—l i , this need has been met by use of a Caution Ad-
visory Indicator (CAT). The CA! receives discrete information ~ o/no—go ) from a
number of sensors located in the various systems throughout the aircraft. Lu the
event of no go conditions, CAl circuits are activated , lighting appropriate hacklighted
legends and furnishing readable messages to the crew. Over the years , as aircraft
and systems technology have grown more and more complex , the task of monitoring ,
and particularly of displaying the proper malfunction message has become more and
more difficult for the CAT method.

The advances in technology demand a computerized display which would not only
indicate out-of-tolerance conditions or malfunctions, but which could make decisions
based upon multiple parameters, and display the proper message for the situation.
Therefore , thi s message should accurately summarize the situation and , in addition ,
it should provide the appropriate required action on the part of the crew . Such are the
ftmctional requirements of the MMD • In order to fully exploit the capability of such a
display , the on-board systems must be computer managed , providing a variet y of in-
formation such as degree of degraded performance, mode, back up modes available ,
etc. , as opposed to the discrete go/no go information of the CAl system described.
This information would be supplied to the MMD via a dat a buss such that discrete wi ring
would be held to a minimum. All signal information would be in the same digital
wO rd format.

This study considers the feasibility of replacing the existing F — l i  CAl with a
practical MMD . Toward that end , an MMD has been proposed that meets the stated
functional requirements without the compute rii~ed input signal information and fea-
tures. The reason for not computerizing the MDD Is that its incorporation would re-
quire extensive redesign of the F— 14 . The recommended approach represents the
most practical solution to development and fligh t test of an MMD for the F—i-I aircraft .

The three major tasks outlined In the Contract Statement of Work are arranged
and discussed as discrete packages . Therefore , Task I contains and discusses those
Items listed under Task 1 of the Statement of Wo rk. Tasks 2 and 3 contain and dis-
cuss their respective statement of work items. The following summary briefly (IC—
scribes the proposed F-i-i MMD .

~~~ IIIii~~ -_ _ - ___.-__ . 
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SUM MARY

The following is a summary of the features of the proposed MMD : For reasons
of practicality , an MMD is proposed for the pilot only In the F-14. This MMD uses a
cathode ray tube (CRT) as a readout , and automatically displays fault and requi red
action for all d etected faults in page format. In addition , If the detected fault is a
caution , a master caution indication is provided, Since the recommended approach is
to retain all t f  the present warning indication s in the F-14, no such master warn ing
indication is provided .

The MMD allows the pilot to manually select the following displays :

• All system status

• A single system with status of Its subsystems 

- i~a~lNn m~~~~~ for-all-f ~~Its eent~~ned-~~~~selec4ed-sygtem ~~~~~~~~~~~~~~~~~~~

• Fault history .

The MMD incorporates a priority feature which provides that warning displays
have ps4oi-it over all other displays and automatic displays ~detected f au l t s )  have
priority over all manually selected displays.

_IIIIL~~~  ~~~~~~~~~~~~~~~ ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ IL



_

~~

_ _
.-,,._~~~~~~~~u

_i_
~ ~~~~~~ — --—-- ~—~-a ---~~---~- —~ -- -— —--- — - ------- - --- --- — ---.—--- — - - — --— ---- - - . -

I

NADC—77076—30

TASK 1

Task 1 contains the following.;

• Table 1 lists the existing F—i -i input signals that will he available to the MMD .
Table 1 also provides the conditions specified for each signal. The fi rst 17
signals listed are in the front cockpit and are used for the pilott s CAl. Sig-
nals 48 through 61 are located in the rear cockpit and are used for the NFO ’s
CAL.

• Table 2 lists the F-i4 mission modes. The Pilot’s Display Contro l Panel is
shown in Figure 1. The Head—Up Display (BUD) and Vertical Display svmhuls
for the various modes are shown in Figure 2 th rough 22.

• An F-14 sensor block diagram is shown in Figure 23. The F-14 Caution
Advisory Indicato r front panel is shown in Figure 24.

3
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TABLE 1. INPUT SIGNALS TO F-14A CAUTION-ADVISORY INDICATO R (PILOT)

Signal Type Conditions

1. L 1- jel Low (C) Legend Not Illuminated (Go): Open Circuit
Legend Illuminated (No Go): +28 (+7 .0 , -4.6) vdc ~ 10 MA

2. R Fuel Low (C)
3. Bingo
4. L Ramps (C)
5. R Ramps (C)
6. Oxyge n Low (C)
7. L Inlet (C)
8. R Inlet (C)
9. L Ovsp /Valve (C)

10. R OVS P/ Valve (C)
11. LO u Hot (C)
12. R Oil Hot ( C)
13. L Gen (C)
14. R Gen (C)
15. Ladder (C)
16. Bleed Duct (C)
17 . L Fuel Press. (C)
18. R Fuel Press. (C)
19. Canopy (C)
20. Inlet Ice (C)
21. Hyd Press. (C)
22. Trans/Rect (A )
23. Wsh ld Hot (A)
24. Launch Bar ( A )
25. Rudder Auth (C) Legend Not Illuminated: +4 .5 ±0.5 vdc (Go)

Legend Illuminated : 0.0 (+0.5 , -0.0) vdc (No Go)
Source Impedance: Not IlIum-Less Than 100 Ohms

IlIum -0.0 Ohms to Open Circuit
Load : 5K Ohm Mm in Parallel Wit h 5000 PFD Max

26. Spoilers (C)
27. Auto Pilot (C)
28. Yaw Stab . Op (C)
29. Pitch Stab. 1 (C)
30. Roll Stab . 1 (C)
31. Yaw Stab . Out (C)
32. Pitch Stab. 2 (C)
33. Rol l Stab. 2 (C)
34 . Hz Tail Auth (C)
35. Mach Trim (A)
36. CA OC (C) Provide Voltage (+ 1 2v Mm , + 28v Max) for Collector of NPN Transistor

for Conditions:
37. Flaps (C) Legend Off: Saturated (Less Than 0.4 vdc)
38. GJove Vane (C) 10 ma Sink Current

Legend On: Open (Cutoff Transistor)
25 pamp Max Leakage

- 

~~~~~~~~~~ 
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TABLE 1. INPUT SIGNA LS TO F-14A CAUTION-ADVISORY INDICATOR (PILOT ) (Cont)

Signal Type Conditions

39. Oil Pressure (C) Legend Not Illuminated: Open Circuit
Legend Illuminated : Ground (A/C Gnd)

40. A t-IRS (A)
41. Integ Trim (A)
42. Win g Sweep (A) Legend Not Illuminated: Ground (A /C Gnd )

Legend Illuminated : Open Circuit
43. Alt Low ’ (A) Legend Not Illuminated: Open Circuit (Not Used)Legend Illuminated: + 28vdc
44. Reduce Speed’ (A) Legend Not Illuminated: Saturated Transistor to Ground (Less Than 4 vdc )

Legend Illuminated : Open (Transistor Cutoff)
25 p amp max leakage

45. Wing Sweep ’ (W I Activated From Either or Both Inputs
Input 1. Legend Of f :  Saturated Transistor to Ground

(Less Than 0.4 vdc)
Legend On: Open )Cutoff Transistor)

25pamp Leakage Max
Input 2, Legend Off :  Return to A /C Ground

Legend On: Open Circu it
46. Auto Throttle ’ (C) Legend Off: Open Circuit

Legend On: Ground , 45 ma , Max Sink Current
47. Wheels ’ Warning ) Legend Off: Open Circuit

Legend On: Return to A/C Ground
Flashes On & Off (Square Wave , 4 pps l

In addition , the following signa ls are used and are available:

• Dimming Signal (Discrete) + 28vdc
• Test Signal ( Discrete ) + 28vdc
• Master Caution Reset Ground (Os)

48. Film Low (A) Legend Not Illuminated (Go) - Open Circuit
49. RDR Enabled (C) Legend Illuminated (No 3o) . + 28 (+ 7.0 , -4 .6) vdc

20 Milliamps Max
50. C&D Hot (C)
51. Cooling Air (A)
52. Fuel Low (C)
53. Cabin Press. (C)
54 . MSL Cond (A)
55. Canopy (C)
56. Oxy Low (C)
57. AWG~9 Cond (A)
58. Nay Comp (A) Legend Not Illuminated (Go) - Open Circuit
59. AHRS (A) Legend Illuminated (No Go) Ground (A /C Gnd)
60. Fuze HV (C)
61. IMU (A) Legend Not Illuminated (Go) . Ground (A/C Gndl

Legend Illuminated (No Go) - Open Circuit

• Remotely located from CAl
Signals numbered 48 through 61 are located in the rear cockpit and are used fo; the NFOs CAl 

..
~~~~~~~~ ~~~~ 
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TABLE 2. F.14 MISSION MODES

Mode Submode

1. T.ik .U A . Tacar i
B. Manual

2. Cruise A. Vector
B. Tacan
C. Destination
0. Manual

3. Ai r - to -Ai r  Attack A. Manual Gun
B. Sidewinder )A IM-9)
C. Sparrow Boresig ht (A IM- 7 )
0. Sparrow Normal (AIM ])
E. Phoenix Normal
F. Phoenix Boresight

4. Ai r-to-Ground Attack A. Computer -Target or IP
B. Computer - Pilot )Bombs)
C. Computer-Pilot IGun/Rocket s)

5. Landing A. Vector
B. Manual
C. Tacan
D. ILS
E. ACL

• Modes are sIicted by act ivat ion of mode select switches (Figure 1).
• Switches illumi nate when selected indicating operating mode
• Pilot also knows mode by displays presented on VDI and HUD
• Various disp la ys for each mode are shown in Figures 2 through 22 

.
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PITCH STAB 1 J R O L L  STAB 1 YAW STA B OP ] 
_____________

t~~~~
TC HSTAB 2 1 L

ROLLSTAS 2
~~ { YAW STAB OUT] [ LADDER

FLAP LGLOVE VANE SPOILERS r OXY LOW

HZ TA ILAUTH I RUDDER AUTH] AUTO PILOT I N L E T I C E  1
A L I N L E T  R I N LET 1 I O I L  P R E S~~~J J BLEED DUCT

L R A M P S 1 I R RAMPS L OV SP / V A L V E  f R OVSP/VALVE

L G E N  R G E N  [ CANOPY LBIN G O

r LOlL HOT ROIL HOT CADC 
j  

H Y D  PRESS

~~~~~~~~~~~ 

[ L F U E L P R E S S  
~ 

LRFUELPRESS] L F U E L  LOW 
j 

A FUEL LOW 1
I I L

W ING SW EEP I I I 1
TRANS/RECT ( MACH T R I M  I I WSHLD HOT. LAUNCI-I BAR

I~~
JTEG T R I M  1 I I I A H R S  1

F I I I I  I I  1
Figure 24. F-14 Caution Advisory Indicator
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fr-

TASK 2

Task 2 inc ludes the following :

• Matrix — Table 3 is a matrix of l’sfl~-1D inputs vs outputs . The same table is
included as part of the MMD specification.

• Analysis of F— 14 signal data available to MMD

• Requirements to add course of action

• F—i-i equipment deleted with addition of MMD

• Summary of weight, volume, and power deltas

• 1\IMI) design

• Recommended format for display of information

• Other uses of ItII’slD

• shopping list of complexity vs amount of information displayed.

The F— 14 cockpit layout with the MMD is shown in Task 3 in Figures 39 and 40 as
part of Implementation Problems.

31 
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TABLE 3. MMD INPUTS VS OUTPUTS
C) C) CO > >

//

/
MMD /

— 
Inputs /

/

oo~
I oou ,oou~oo ~ /

_

C, Ci It

_ _ _ _ _ _ _ _ _ _ _ _ _ _  ~~~~
uts

X X Remote Warning Indication
X X X X X X X X  X Master Caut ion

X ACLS/AP Disengaged
1. Tak e Control - Land Manually

X AH RS/Compass Controller Failure
1. Use INS-I MU
2. Avo id I FR FIt if INS-IMU not Avail.

X Auto Pilot Failure
1. Check A P  Mode Fai lure
2. Recycle A - P  Engage

X Auto Throttle Disengaged
1.  Assume Manual/Boost Control

2. Sat isfy APC Inter locks
3. Reengage APC Auto

X Brakes
1. Anti Skid - Off
2. Cautio n-Modulate Brakes
3. Release Emergency Brake

X A/P Ref Not Engaged
1. Depress Ref Engage Button

X Bingo
1. Fuel Remaining is Reqd to Return to Base

X Bleed Duct
1. Air Source Off
2. Ram Air-Increase 1< 300 K IAS 0 8  IMN)
3. Land-ASAP

x CADC Failure
1. Master Reset-Depress - If Fault Remains
2. Re main Below 1.5 MN

X Canopy Unlocked
1 . Canopy Handle - Boost Close
2. Visors/Seats-Down
3. Stay Below 200 KIAS/15 ,000 Ft
4 Land ASAP

x L ( R ) F i r e
1. Thrott l e Af fect e d Engine Idle
2 Ai r Source Of
3. If Fault Goes Away - Check F i r - Dir t Sys

II Fault Remains or Fai ls F i re  Del Test
4. Th r ot tlr ’ Affected Engine Off
5 Fuel Shutoff Affected Engine Pull
6 Land ASAP
7. It Fir e Pr’r s i s t s  I ‘cr

:12
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TABLE 3. MMD INPUTS VS OUTPUTS (CONT’D)

IO r-~~~ r-~~~ r-
“

~~~~ ~~ C~ C) m” ~~~”—I 
~~~rs r b C C C ~~~~ m r x  rv

C ~ ~~~r~~~O O

Cl,

~~0 000000 ~ MMD Input5
Cr rD

C-)
C

r’- rs~ r~i ~~ r.i r~j  r-., MMD
C-, Outputs

C, 0 — 4 0 . 0 . 0 . 0 . 0 . 0 .  <
CD

X X X X X X X X X Remote Warning Indication
Master Caution

X X L( R) Fuel Low
1. Dump Switch-off
2. Fuel Distribution - Check-Balance
If W ing/Ext Fuel Remains:
3. Wi ng/Ext Trans Switch-Oride

X X L 1R) Fuel Press.
1. No A/B Above 15 ,000 Ft on Affected Engine
2. Fuel Dist ribution-Monitor/Bala nce
3. Land ASAP
If BothL&R Fau lts Occur
1 . Descend to< 25 ,000 Ft
2. Maintain Cruise Power or Less
3. Land ASAP

X X  L ( R ) ~~en Off Line
1. Affected Gen -Off/Reset , Then Norm
If Fault Remains:
2. Affected Gen-T est
Fault Goes Awa~ -D rs tr Sys Problem
Fault Remains -I DG/GCU Problem

- If Both L&R Gen Faults Occur
1. Generators - Cycle
If Temp Loss of Comb Press. Causes
Emerg Gen to Drop Buss 2
2. Emerg Gen-Cycle
3. Land ASAP

X Glove Vane
1 Check Hyd Pressure
2. Maneuver Devices-Retract
3. Master Reset-Depress

X Oxygen Low
1 . Cabin A lt <10 ,000 Ft
2. Mask-Off
3. Oxy Switch - Off
4 . Oxy and Mask on For Landing

X HZ Tail Auth
1. Master Reset-Depress h O S e d
2. .-~ 400 K I A S , Restrict Lateral Control to ~. Throw
3 No Oversweep on Deck
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TABLE 3. MMD INPUTS VS OUTPUTS ~CONT’D)

r~

~~~~~ 
/

/ MMD
— — 

./ Outputs

X X Remote Warning Indication
X X X X X X X Master Caution

MMD Fault & Course of Action
\ Reduce Speed

1 ~ .- , -I ~ 2512 5. lAS

2 k~~~.~r- ’ 4 - -~i - ’ 0
3 2. ‘ - II- - .. - D, - l ii -~ Ii. ii Ii i Cr -

X X X X Roll Pitch Stab 1 or 2 Fa ilure
C .  A1- ~

, - - ‘ u  ~r . S r l  A 1 S .
- ( - liii A~ • ~‘i  ii L

if Brith 1 & 2 Roll Pitch Stab Faul t s Occur
A -i l I) - -i - -  SI _ i L - ’

‘ ‘- - ‘ j r  4-1 . - . - 1
Cl ,i~ 0 - i

2 1. i - r  105. - ‘ .~~- S, - i
3 4 . - . ’ - - N

i i .  4 ,~~ Ir i t  , 2 C , R. -~~r S r . i i -  A.111 N. - Len t
C 4-l . - ’ i 4  I I I  It  5. 2 H 1

I 1. .i~ - - Sr.ih A - - 1’
II — Hr _ il’ I - iii ‘ -

I C i  -i Dir 1ij .i 1 - - -~-~~
. AI LS - ‘ DLC

X t4u(fdi’~ A uth
1 I~,- _ r i i -  A - - - I l i — 1, 1.  ~~~~~ ~ . 1 . 1  I l ! . -’ r

i t ‘4 l . A .  - - , - I

2 ~,‘, .- ‘  4- ~
, I)  i -  t O  S’ -

.1 ‘ ,.ii~ ‘ H. ir - ,i ii’ L • I C I 1 4i ,,1 I - r A t 1 1 ,  il ,12 r. I ‘C- - 111

I i i  l~. . , -..t ,I, L ’  4 1 .  ,~~~ .. . 5.

X Spoile rs

— - I N. - . - t - .i - ‘ t . ” ~~‘“ , r1

7 - - - i i -  ~.-t t) i ’ -.-.
I ~, r 1. - ’ i,’

~ A I _ i t .  i ( , ,,~~~~~,1 -\ ii - 1  H -  HjI’-~
r u  Cs I i  ~s . i - ~~i H? I . - , ‘ s s - sr - 44, ’ - ,

I _ i I I,’ - - . - r — i _ ‘ - I i , -.. S. , , - ’ , I- ’- I_ r _ i !  1 )_ i - .  u
X Iran , Red Failure

N- - Cr ew A ‘in C

X ,‘~i i~ Ni r D,rw ii
I ,iiiil~ii’j ( ‘ ‘ ‘ i n

: 1 1

LA 
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TABLE 3. MMD INPUTS VS OUTPUTS (CONVD)

Inputs

/

/

/
/

‘a ‘a ~. ‘a ,a ‘a ‘.. - /
/ MMD

/ Outputs

Remote Warning Indication
X X X X X X X X X X X Master Caution

MMD Fault & Course of Action
X Int o5 Tr’ni Failure - Use Manual Trim

X X X X L R I Inlet &/or LIRI Ramp
I t)~- .. Io’ 09 4 ’, ’,
7 A , , i  A:~ .- i  - l

~’~
. .C’

3 5’ . .  A ” . -. r - - i i  P., -’
.1 I -  - H ,
I’ Il -r- ~~- I _ - r H  i

5 C,H~ ‘. - 4 4 , il 4 I II’.

- - - R ,C-ti Il H- I  . tC,, I , ‘. I- ‘ l l ,i’ l l’ l  C l - - ,
200 K IA S  i4 , , . H 5. Ii , h i ,

I ’ Oil ’ , I1.’’ -~ . Ha i r li I J I ~. i i’ I ’ - I , - t S- .. i ’~

ii lu l l ,  8,1, I ii,1 yn, - i  80 ‘ U -
-

1 Hull .i ’1A1’

I’ ,‘ii 1 I ’ .’I’ I I N I ,  “ S I C_ S R E S E T l e t  F ,i1, r On 1 1
8 1 ) - .  I r n  0 5  I’SN1
‘ I  .\ ‘ ‘ .

~~~t , - i  I l i ., -~ — i I  S i _ ’ i ..
I i i  ‘i ‘ ‘ .~~~i . - , 4  ,‘s R:S CO C- , I 4 7 ii 4 1 , 2 1
C’S .  i It C_i i i t io r r  11,/req Ss~- , ’ , - p Faul t  is
P, 1’ iil C I ii, : l i .~I~ l A ICS CR MN ( ,iou-

Ii, H~’- - I ’
1 1  I,, . I I . ,,u in i\u! , I
1’) Ii 1, 1 . 1  Iaii It  44 . - i , ,  . li1 ’;i. -~ O 9 l ~ 1N

X Inln ’t Ice
I A- - i  - I , - SiS t 4 ,  Oi 1’ -
,1 I’ll i~ - , ,  Ci , - , i , ,, i  I, ‘ t i l l  C_ in t rO . H -  A u

X - Ladder Unlatched
T A  p - - i I ‘SC - irii,ir,
2 A - i l  n , -  \./,uI I , -  I 

~— i ’ ’ - ’ i - , ,  I

3 L,iiid AHA I ’
C X - Laun ch Bar

4)” (,u,ii’ .  I T N  A ip ii ‘ i l - tn i\, I

In Flight Do Nnit Rn ’ t r a c t  C _ i t n l . r i q  O,’ ,i,
L,,nil I\ HAI’ - 

-
X Mach Trim

I ‘_l . i-i. -~ Ii 0 - I ’ , - . . C
2 C)~n - ~~~~~~ Ti irt

X Nas Computer Failure
1 511 H, H to C_ r I ’  (NI 01 N

X NW S F inq,ii i ,’cl

L I! NIl’S ,~ ‘—J ,i r I) • ‘~~- i , ’ ,  I l ) ’ ’ i i i ’ - - ’ , ( h r  I , , -

‘ in S r - s  h, i In r , i D-a-u i u , iq i-  ~ 1’S~
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TABLE 3. MMD INPUTS VS OUTPUTS (CONVD)

~ t 0 r ~t r- 0 r

~~o 0 oo ~~~~’ z~~

MMD
— In puts

0 0 0 0 0 0 0  0 0
C)C)C)C)flC)C) C) C )

it

F’,) Na
0 0

C < C C C  C C  -_
0, > > 0. 0. 0. 0. 0. 0.
C, C, fl Ci 0 Ci C, MMD

Outputs

Remote Warning Indication
X X X  X X x  X X X  Master Caution

X X  L (R) N 1OVSP

1 In, or A t f i - i - re i l Engine - Idle
2 Nu,’Ie Position - Check
3 A- , 4 Hi Power Settings
4 Land ASAP

X X - L I R ) S t Va lve
It A

1 A - Sounci’ Of t
I 2 F -- ~ 

C ia r r k Sw Off
3 I C  a, l! , , - n r ’ a i r s  Land ASAP

P fau lt  q,),-
~ away , A- ’  Source Both

5 Land ASAP
l,u, , r  -u i  W ,rh Air Source 3ff , Stay
BeI0w 300KIASO8 IMN

- ‘ lf Orn D,.i k
1 Air Source Off
2 Ihrot Af fec ted Engine Off

X X L ( R )  Oil Hot
1. T hrc ’ rlrr Affected Engine - As High Fue l

Flow is Practical
2. Induce Sligh t Left Sides lip IA Rudder )
3. It Fault Remains After 1 Mm , Th rot t l e . Off
4 . Land ASAP
5. Re light Engine for Ldg if Necessary

x x L (RI Oil Press. Low (Affected Engine)
1. Oil Press. 40 PSI at Ml L,.Thro tt le Idle
2. Oil Press, 35 PSI at Idle . or Engine

Vibration , Throttle Off
3. If Shutdown Not Feasible , Set 78’ RPM
4. Avoid High G or Large Throttle Movements
5- Land ASAP

X ARI Engaged
Disengage if Not Desired

3 (‘5



- - ‘~~~ • ‘. ‘- • ‘  - ‘--‘——- —_.—.__ — -

NADC—7707 6—30

TABLE 3. MMD INPUTS VS OUTPUTS (CONT D)

2Tc ~~ ~0
p

rl~ 0 0

MMD Inputs
0
~~~~~~~

0~~~ -n( ,”0  ~
~~ > a a ~‘ CD

r~) C-)a ~ a a a MMD Outputs

Remote Warning Indication
X X X X X Master Caution

MMD Fault & Course of Action
X Windshield Hot

1. Wsh ld Switch - Off
2. Air Source ’ Off (Below 35 ,000 Ftl

If Fault Remains After Air Source ms Off ,
Indication ms Faulty. Turn ECS on &
Land ASAP

3. Ram Amr - INCR (< 300 KIAS/O.8 IMN)
4 . Land ASAP

X Yaw Stab. OP
1. Master Reset - Depress
2. If Fault Remains , Stay Below 0.93 IMN

X YAW STAB. OUT
1. Yaw Stab. - Off
2 . Master Reset . Depress

If Fault Goes Away Reengage Yaw Stab.
If Fault Remains - Stay Below 0.93 (MN

X IMU Failed (NFO)
1. Switch to AHRS

X Cabin Press. (NFO)
1, Oxy Mask - ON
2. Cycle Press. Switch

37
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TABLE 3. MMD INPUTS VS OUTPUTS (CONT’D)

a x

10,

MMD
Inputs

OO~~

D a D a >
MMD
Output s

Remote Warning Indication
X X Master Caution

X FIt Hyd Press Low
If A ppr ox 2100 PSI

1 Wing Sweep — 20
2 Rig ht Rannp I’ - 0.9 MN) Stow
3. Emerg FIt Hyd - High IJust Prior to Dirty Up)

E,tu,p ln op Normal Hook - Restored by WOW
4 Land ASAP
Note: Arrested Landing Requires Emerg Hook Exr

If Approx 0 PSI
I B, Di,ect Pump OFF
2. Wing Sweep 201

3, Emerg F It Hyd Sw - Hig h Just Prior to Dirty UpI
4 . Equip loop: R Glove Vane , ACLS , A AICS. and Norm Hook

IR estored by WOWI
5, Land ASAP

NOTE: Arrested Ld9 Requires Eme,g Hook Ext
Comb Hyd Press. Low

If Appr ox 2100 PSI
X t Hyd Isol . FIt

NOTE: Monitor Aus Brks Gage , lap Wheel Brake to Seat Priority
Valve if Prn’ls is Decreasing

2. Wing Sweep - 20’
3. Left Ramp (<0.9 IMN I Stow
4 Equmpt loop None
5, Emerg FIt Hyd High Just Prior to Dirty UpI
6. Land ASAP

If Appr os 0 PSI
t . Bi-Dmre ct Pump - Off
2, Wi n g Sw - 20 ”
3. Equi p loop: L AICS. L Glove Vane . Em erg Gen, Aux Flaps ,

lnbd Spoilers , NWS , Gun Drive , DLC, Spcf Brks . Norm Hook .
Hook Extend , Fl aps/Slats , Ldg Goar , Wheel Brakes , Refuel Probe

Emerg Actuation Available
4 . Emerg FIt I’fyd - High (Just Prior to Dm rty- Up l
5. Wheels - Emerg DN

F, 6 Flap s/Slats - DN INo Aus Flap I
7. Hook - Emerg ON
8. Brake Hand Pump - Check
9. Anti Skid/Spouter Bk Spoiler Bk (Of f  for CVA I
10. Arre st Land ASAP

After Landing:
1. Engines - Of

Stay in Arresting Gear

:~
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TABLE 3. MMD INPUTS VS OUTPUTS (CONT’D)

a’

M M D
Inputs

SC C

C)
C

0 >
- “ 0

— I C
MMD
Outputs

Remote Warning Indication
X Master Caution

MMD Fault & Course of Action
X Flap /Slat Malfunction

After Raising Handle~Flaps /Slats Not Indicating Up
1. Remain below 225 KIAS
2. Master Reset’Depress
3. Maneuver Flap Thumbwhee l-FuIl Forward
If Fault Remains
4. FLAP Handle’Eme rg Up
After Raising Flap Handle.Flaps/Slats Indicate Up
1. Remain Below 225 KIAS
2. Master Reset ’Deprgss
3. Maneuver Flap Thumbwhee l-Full Forward
If Fa ult Remains.
4 . Fl aps . Cy c le
If Flaps Respond :
5. Master Reset ’Depress
If Fault Remains:
6. Attempt to Sweep Wings to 25° (Manual Mode l,
If Wings Will Not Sweep Aft of 20, Both ,Aux Flaps are not

- - Retracted & Limi t Switches Are Not Made:
7. Remain Below 0.7 IMN (Maneuver Flaps & Auto Retract

May be Ino perative)
If Wings Will Sweep Aft of 2 0 :
8. Accelerate to 300 KIAS.
9. Attempt Wing Sweep Aft of 50 (Manual Mode).
If Wings Will Not Sweep Aft of 50 - Main Flaps Are Not Full y
Retracted :

10. FLAP Hand(e - Emerg Up
11, Reattempt to Sweep Wings Aft of 50

If Wings Still W i l l  Not Sweep Aft of 50° :
12. Remain Below 0,8 (MN .

Note
If wings sweep aft of 500, aircraft
fligh t envelope is unrestricted , Man
euver flaps & auto retract may be
inoperative.

After Lowering Flap Handle-Flap/Slats Not Indicated Down:
1, FLAP Handle-Emerg Down
A fter Lowering Flap Handle-F lap/Slat Indicating Down:
1. Wi ng Sweep Check at 20

(Allow 10 Sec for Au x iliary Flaps to Extend)
2, Master Reset Depress
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TA8LE 3. MMD INPUTS VS OUTPUTS (CONT’D)

M M D  A

Inputs

‘—
V

~j4~

M MD
Outputs

Remote Warn ing Indication
X X Master Caution

MMD Fault & Course of Action
X Flap /Slat Malfunction

It Fault Remai n s
3. Normal Landing

Note
Flap light may be caused by fai lure of
auxiliary flaps to extend , increasing approach
speed approximately 5 knots

After Using Maneuveri ng Devices
1 . Master Reset - Depress
2. Maneuvering Flap Thumbwheel Full Forward

If FLAP Fault Remains:
3. F LAP Hartd le Emorg Up

If Flaps Indicate Up.
4. Wing Sweep - A f t  of 50’ lmanual model
I f  Wings Wil l  Not Sweep Aft of 50
5. Remain Below 0.8 I M N

Note
If wings will sweep aft of 50 , a ircraf t  flight
enve l ope is urr restr ,cted , Maneuver flaps and
auto retract will be inoperative ,

X ASYMMETRY FLAP/SLAT LOCKOUT
War fl ing

As ymrr retr mc flap ex tens io rn can produce ar t  uncontrollable rolling moment
The following procedures defeat the designed asymmetry protection and
therefore should be used when a shipboard landing is the only al ternat ive
and flap extension is required to remain within arresting gear Imn ’rits .
I Airspeed - Maintain Less Than 225 F/lAS
2. Maintain Wings - Level Fli ght
3, A ux Flap/Flap contr CB NFO PUll l7G3l

Warning
Failure to pull the AUX FLAP/FLAP CONTR cls bitt ore completing thnr
following steps may result in an urrcontro llab le pitch torn change due
to auxiliary flap extension or retr act m or r
4 . Flap Handle Corru.’spondmrrg to Indicator

Caution ,
Placm rsq Ill ’ FLAP handl e in ‘ i r O n ’ ,  the f m _ i l l  i , tti’iii f or u r i C  r l n n m l ’ r - i i  t ray

n i’sii i r in damage because tiie over travel swi 0:0 wil Ii,’ disabled
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TABLE 3. MMD INPUTS VS OUTPUTS (CONT D)

it 0 0 ‘C
iD iCD

a

MMD , - ‘ - ‘

Inputs 7’

/
° o ~C~ - ,c t  C)~~~ -

p //

O~~~O~~~~~~~ ,7
z

C)~~~~~ 
~~~~~~ / M M D

Outputs

X X Remote Warning Indication
X X Matter Caution

MMD Fault & Course of Action
X Asymmetry Flap/Slap Lockout (Cont ’d)

5, Flap/Slat Contr Shutoff CB - Cycle IRE2 I
6. Slowly Move Flap Handle Toward Desired Position
If Flaps/Slats Respond, Nuisance Lockout Has Been El mm , i rar i d
7. Aux Flap/ Flap Contr CB - NFO Reset I7G3I
8. Master Reset Depress
If Flaps/Slats Do Not Respond:
7. Reposition Flap Handle to Match Indicator
8. Flap/Slat Contr Shutoff CB - Pull IRE2I
9. Slowly Move Flap Har dle Toward Desired Position
If Aircraft  Rolls:

10. Move Flap /Slats Back to Where No Rolling Esists
If Aircraf t  Does Not Roll:

10, Stop Flap/Slat Travel Before Reaching Full Up or Fu l l  Down,

Caution
With the Flap/Slat Contr Shutoff CB Pulled.
No Overtras el Protection for the Flap/Slats Exi ~rs

11 . Flap/Slat Contr Shutoff CB - Reset IRE2I
1 2. Lan d Utilizing 15 Units AO.A

x Wing Sweep
1. Master Reset - Depress
2. If Fault Remains , One Channel Has Failed

X X Wing Sweep - Both Ch Failed
C No Auto/Man. Control

1. Airspeed - Dcccl to ‘-- 0,9 MN
2. Check Spider Detent Engag ed
3. Master Reset - Depress

Wait 15 Sec - If Warn Indication Remain s
4. Wi ng Sweep CB 121 - Pull lW g Sw Driv e Ni) 1 & 2, LE 1 . LE2 I
5. Emeng Wing Sweep Handle Comply With

<0.4 IMN - 20 ’
0.7 I M NI  25”
0.8 IMN 50”

— 0.9 IMN - 60’
> 0.9 IMNI 68”

Cautio n Avoid ACM & Aero tratics
Otto nt Ldq Use Fla ir Over travel Posu t ‘urn

To Insure Flaps Remain Full y Exter tditd

(1
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ANA LYSIS OF F-U SIGNAL DATA AVAILABLE TO MMD

The F— 14 CAl sensor signals are discrete and, as such , indicate go/no go con-
ditions . Existing signals do not lend themselves to MMD type readouts where quanti-
tative information is desired in addition to go/no go information. For example , the
OIL PRESSURE indication is triggered ON if the oil pressure of either (or both ) en—
gine(s ) goes below 25 psi. Present circuits do not indicate whether the low oil pres-
sure condition is in the left , right , or both engines. In addition , the signal does not
indicate the oil pressure level. This example is typical of certain types of present
F—14 sensors used for the CAT . h owever , additional information is available to the
pilot , in most cases , at the individual gauges where quanti tative information is dis-
played. Table 4 lists some of the existing F—U gauges and indicators , along with the
implementation method . The signals derived and used to drive the gauges could also
be used to provide quantitative information for the MMD. These signals would he
processed and converted into digital words for the MMD. This could be accomplished
through use of the multiplex technique described in Task 3. Go/no go conditions
could also be determined from these quantitative signals by comparing the current
operating values with stored tolerance values. This eliminates the need for the pres-
ent discrete input signals for these parameters and then corresponding sensors could
be removed. In Table 4, those parameters for which corresponding , independent ,
discrete signals are available to the MIS-ID are shown with asterisks. Correspond ing
signals for the remaining parameters are not presently available to the MMD. In
some cases the MMD will indicate a condition for which no quantitative value is re-
quired . For example, if an N1 Overspeed (L , R) condition should occur , the MMD
will furnish the sole indication of this condition to the pilot .

The majority of the existing sensor signals to the CAl , and those that will be
available to an MMD indicate malfunctions for which there is no associated quantitative
parameter. Typical of these are the flight control system sensors (Pitch Stab. 1,
Roll Stab. 1, etc.) and the CAD C systems (CAIJC , Glove Vane, Wing Sweep, etc.) .
In these cases , go/no go condition along with the course of action info rmation dis-
played by the MMD appear to be adequate.

Due to the present status (advanced production) of the F-i-i program , any air-
craft modifications as described above would have a serious cost impact. The cost

TABLE 4. POTENTIAL SOURCES OF QUANTITATIVE INFORMATION
Existing Gauge/Meter Location Method of Implementation
Hydraulic Press. (Comb & Fit) L Knee Panel Synchro System
Flaps L Vert Console Synchro System
Oil Press. ° ( 1 & R) L Knee Panel Var Reluctance Bridge & D’Arsonva(
Tachometer (N2) (L & R) L Knee Panel Gen , Freq, Counter
Total Inlet Temp ( L & R) L Knee Panel Thermocoup le

Fuel Flow I & R) L Knee Panel Analog Voltage , 0-5VDC
Nozzle Position (L & R) L Knee Panel Synchro System
Wing Sweep R Instr Panel Analog Voltage , O.10~.n DC

For these , there are correspond ing but independent , discrete , go/no go signals presently available to the
MMD.
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Impact would result from the change Itself , as well as the impact of the change on
related activities and documents. This Includes packaging and mounting of added cir-
cuits, modification to aircraft wiring, drawings , test plans and procedures , and
technical manuals. In addition , qualification testing would be required for any new
equipment.

Due to the expense of making aircraft changes , much effort has been expended
toward proposing a practical MMD that requires minimum modification to the exist-
ing F-i4 aircraft. Therefore , with few exceptions , this study proposes to use avail-
able inputs as they exist.

During the analysis of available signals , it was discovered that in several cases
two sensor signals are combined into a single indication . Thi s was done because of
lack of spare indicato r circuits in the CAL. For the MMD , we are recommend ing the
separation of these signals , and the addition of several new signals . This will achieve
more specific fault indication and course of action instruction. These signals are listed
in Table 5, and the diagram of the wiring change is shown in Figu res 25 and 26.

TABLE 5. PROPOSED MMD INPUT SIGNAL CHANGE

New Messages Old Messages

L NI OVSP L OVSP/Va lve
L Start Valve L OVSP/Valve
R NI OVSP R OVSP/Va lve
R Start Valve L OVSP/Valve
FIt Hyd Press. Hyd Press.
Comb Hyd Presi. L OVSP/Va lve
R Oil Press. Oil Press.
L Oil Press. I OVSP/Va lve
Asymmetry Flap/Slat Lockout Did Nor Exist
ARI Engaged Did Not Exist

REQUIREMENTS TO ADD COU RSE OF ACTION

The present CAl indicates faults or malfunctions in the F—i- I .  \Vith its inherent
limitations , it perfo rms this function very well. However , to know the proper action
to take for the various faults , the pilot must refer to his pocket checklist. This is time
consuming , and in some cases requires locating and reading several pages of procedure
for a single fault. If several faults occur simultaneously, or in rapid succession , the
workload would become overwhelming for the situation. Earlier in this report , the
primary functions of an MMD were discussed and are summarized here~

1. Alert the pilot to conditions which require attention

2. Inform pilot of the required action to be taken for the alerted conditions .

With this goal in mind , it Is felt that a practical l\-IMD can be generated by expand ing
the existing CAL capability by making a few changes and adding course of action In-
formation to the display for each fault.

Adding course of action Information creates the need for a memor (IlO~ l ) ,
along with the necessary contro l and display provisions . ‘l’he size of this memory is

_ _ _ _ _ _ _ _ _ _
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Figure 25. Present CAl Implementation
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28 V0C 
~~ 

-~~~ -O ’
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R S T A R T E R  VA LVE SW I

~~ . R START VALVE

L TACHGEN -~~~ L OVSP

DETECTION
CIRCUIT

A TACH GEN -~~~ R OVSP

~ RO ILPR ESS
ROILPRESS SENSOR I

L O l L  PRESS
L O l L  PRESS SENSOR

COMB HYD FILTER IL)

28 VDC 
~~~~~COMB HYD PRESS

FLT HYD FILTER (R I
HI 

FLT HYD PRESS
LO
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~
. 28 VDC 0 AR I EN GA G Et )
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NEW INDI- ICATIONS
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~~~ 
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Figure 26. Propos ed Implementation for MMD I
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determined by the total of all course of action information for each fault. In genera l ,
the course of action information is taken from the Pilots Pocket Checklist , NAVAIR
01-F1IAAA --1B. Due to the amount of procedure to be stored in the RON , a 120K bit
storage capability is recommended. This includes a growth potential of about 20~~.

Each input (fault) has an associated address. This address distinguishes a
given input from all others. It also identifies a location in memory (ROM) where the
associated block of cou rse of action information is stored . If a fault condition is de-
tected on an input , the corresponding course of action information is read into a RAM
memory for display . This demonstrates the requirement for a RAM. The MMD RAI\l
would accommodate the following functions:

• Storage for the continually updated status of each input

• Storage for the fault history feature. This portion will be non volatile for
power shutoff

• Storage of control functions (programs , etc )

• Provide the display refresh function.

It is estimated that 10K bits RAM storage capability is required . A microprocessor ,
whose functions are listed below , is also required:

• Program the sampling and storage of status of each input during both normal
and test conditions

• Locate the associated course of action info rmation when a fault is detected ,
and direct the loading of this information into the RAM for display

• Program and fo rmat the information to meet display requirements

• Perform all required logic functions to meet the MMD operational require-
ments

• Program the disp lay control functions.

l’-l I EQ1.’lPl~lENT DELE ’l ’El) \\‘I TII AI)DIT ION OF l\IMI)

In the front (pilot’s) cockpit the candidate equipments for removal if an MMI) is
Ins talled are :

• Caution - ~dvisorv Indicator 5. 5 lb

• Wheels Warning Indicato r and Mounting 0. 5 lb

• Threat (DECM) Indicator and Mounting 0. 5 lb

• Fire Warn ing Indicato r (2) 0. 2 lb

46
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One of the main reasons for adding an MMD to the F— 14 is to replace the
various caution and warning indicators scattered about the cockpit with a centralized
unit for display ing this information to the pilot. To ensure that in making such a
change, capability is not lost , locatio~ of the new display is of prime importance.
Ideally, it should be located within a 3J° cone of vision (where the scattered indi-
cators are located ) described by a 15° angle rotated about a line from the design eye
of the pilot to the top center of the inst rument panel. The AIDS cockpit layout shown
in Fig. 27 shows an attempt to achieve this location for the MMD. The reason for
this location is to provide heads up acquisition of disp layed information. Any devi-
ation from this location sacrifices capability . In addition , some means of ensuring
that messages do not go unnoticed is required , creating the need for a master caution
indicator. After much consideration , it appears that the installation , which has the
least impact on the cockpit , and in fact , appears to be the only practical location , is
an enlargement of the area presently occupied by the CAl in the pilot ’s cockpit. This
location has to some extent influenced the MMD design.

The suggested elimination of dedicated warning indicators particularly in the
front cockpit , was met with considerable opposition from the Human Factors Group.
The reason for this is that these indicators provide heads—up indication of warnings ,
which no practical location of the MMD in the F— 14 cockpit can provide. This could
be a crucial factor in combat or during carrier landings. Therefore , it is suggested
that these ind icators not be removed from the F-14 but left as they are if an MMD is
installed. This means that the MMD would replace only the CA! in the front cockpit.

In the rear (NFO’s) cockpit , the candidates for deletion with the addition of an
MMD are:

1. Caution Advisory indicator (CAl) 2. 6 lb

2. Digital Data Indicator (DDI) 4. 6 lb

3. Threat (DEC 1\I) Jndicator 0.8 lb

Incorporating functions of the rear cockpit CAl into an 1~-IMD d oes not in itself
involve any significant problem. Finding a practical location for the MMD in the rear
cockpit , however , is a major problem. Solutions to this problem are cons idered under
Implementation Problems .

The DDI could be replaced by the MMD . However , there are certain features of
the DDI which the MMD as presently conceived does not contain. These are:

• Certain types (Group 1) of messages can only be displayed one at a time , and
remain unti l another of the same type cancels and replaces the 01(1 message.

• Other types (Group 2A , B, and C) can be disp layed one of each sub-group at
a time , however , they are self extinguishing after 30 seconds. ~ 1though the
MMD could handle these messages as coded , no internal timing is presently
provided. If the DDI was removed , the MMI) would have to be motl i f ie d to
include the required display timing. This feature is only needed in the rear
seat. The DDI is mission oriented while the MNI )  as proposed is aircraft

--17 
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Figure 27. Concept For F-14 AIDS Cockpit
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oriented . The issue of mission vs . aircraft orientation as related to the
MMD should be investigated further. All  -10 messages presently disp layed
on the DDI are advisory in nature.

The situation involving the Threat Indicato r in the rear is similar to that in the
front. The present location is excellent. Any practical location of the MMD in the
rear cockpit would he a poorer location for display of these warnings. The existing
indicator contains both warnings and ( - aut io n ~. , son:c of which are classified . However , —

all of the messages can he disp layed on the \1 \ l l )  without difficulty . As mentioned in
the situation regarding the front cock pit , our i~uman Factors G roup takes a dim view
of eliminating the existing dedicated warn ing indications with the installation of an
\I MD . However , it would appear that the ‘ heads up ” requ i rement for wari ing indi-
cation in the rear cockpit is not as critical as lo t  the front cockpit , sinc e the pilot is
flying the aircraft and the NFO is not .

SU \ I M A R Y  OF \VEJGI -IT , VOLUME , A~~D POWER I)EL [AS

The CII uses a maximum of 212 watts of power fro m the aircraft ’s 28 vdc supply.
It is estimated the MMD will require approximately 300 watts . This represents an
increase of about 88 watts. The front cockpit CAT weighs 5. 5 lb and has a volume of
191 cu in. The MMD as proposed consists of a display unit and an electronics package.
The weight of the display unit is 12 lb with a volume of 394 cu in. The electronics
package weighs 10 ib , and has a volume of 189 cu in. The totals for the two units are
22 lb and a vo lume of 583 cu in. The weight and volume increase because of the MMD
will be 16. u lb and 392 cu in.

The MMD as proposed , provides for only the CAl to be eliminated and replaced
by the NI\ I D, and in the front (pilot) cockpit only. Elimination of the discrete warning
indicators (Wheels , Threat , and Fire) would reduce the weight diffe rential by approxi-
mately one pound. However , this is not recommended .

MMI ) DESIGN

A functional block diagram of the MMD is shown in Figure 28. A description of
the functions of each block shown in the diagram follows :

Interface

l’he interface block contains circuits to perform the following functions:

1. Sampling of inputs

2 . Signal conditioning

3. Disabling of normal input information and application of test inputs during
test conditions.

Input sampling is accomplished by use of a Data Selectors ‘Multip lexer such as shown
in Figure 29. The microprocessor programs the sequence of inpu t signal addresses to
be decodledi by the Data Selecto r , thereby enabling each inpu t in sequence. I f the one of
eight type of I)ata Selector is used , ten un its will he required to accommodate al l  input

19
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signals. Since each of the ten , one of eight Data Selectors must also be selected in
sequence , additional bits will be included in the address word for this purpose.

To achieve unifo rm go/no go criteria for all of the input signals , signal con-
ditioning is required. The input signals contain the following types of go/no go
criteria:

Go (inactive)/No Go (active)

• Open Circuit/+28v

• 
-. l .5 V . OV

• Ground/Open Circuit

• Open Circuit/Ground

• Sat . Transistor/Cutoff Transistor.

‘[he following types of input conditioning circuits can be used to achieve the de-
sired un ifo rm go ’no go criteria:

Input types

Open C ircuit/*28VDC
+5V

+5V/OV

-1 . 5\’ O\’ , Sat. Trans/C O Trans

+5V

+5V/OV

~Inversion flequir ec i
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Ground/Open Circuit

+5V

0 O__-{I
~
))..__.O +5V/ OV

Open Circuit/Ground

+5v+5V

+5V OV

Inversion Required
Display Circuits

The d isp lay circuits convert the contents of the RAM for display of alphanumeric
information , position this information on the CRT , and generate the display refresh at
a rate of GO times per second .

1\licroprocessor

The microprocessor is the heart of the system . It programs the sampling of
inputs both during normal and during test conditions , d etects and stores faults, and
id entifies the block of data in ROM that should be dlisplayed . When a fault  is detected ,
the microprocessor , depending upon the input being sampled , locates the position in
the RUM where the appropriate fault and course of action information is sto red . The
microprocessor then causes that block of information to be transferred into the RAM
for d isplay . The microprocessor also performs the necessary logic to establish disp lay
priority , and generates all necessary timing signals.

l)isp lay

‘I’he display is the actual readout for all messages to be furnished to the pilot. A
C R’l’ type disp lay seems to be the most practical approach at this time because it rep-
resents a tried and proven approach to the man-machine interface for data presentation.
A key board with both function and numeric keys is provided to allow various display
selection and cancellation.

‘l’he block diagram (Figure 28) shows a data bus that is not required for the F—i I
application. It is Included for f lexib i l i ty  and co?npatil ) i l i t v with the other \ l l ) S  I i i Hp l a \  -..
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ROM

The RO l\-I is the data bank for all fault and course of action information. In ad-
ditio n , any other read only type of info rmation such as pre-takeoff and landing check—
list information would be stored here , should it be desired that this feature be in—
eluded in the MMD . As proposed , no such checklist information is included in the
MMI). As indicatedl elsewhere in this repo rt , the RUM will require 120l’~ bits of
storage for the fault course of action information.

RAM

The RAM contains the refresh memory for the block of data being display ed on
the CR’l’ at any given time. The RAM also contains the status info rm ation for each
input. In addition , fault history info rmation is contained in a non volatile portion of
the RAM. Finally ,  the RAM contains provisions for any required temporary storage
of information for such purposes as are required for the operation of the 1\IMI) as pi’o—
posed . The RAM capacity has been tentatively estimated at iON bits .

Display Design

‘l’he proposed MMD design makes use of a standard CR1’. The tentative deci—
sion to use a CRT was mad e for the following reasons :

• Considering the flat panel readouts such as liquid crystal , LED , Plasma ,
etc., it appears that the liquid crystal is the only one cons idered to have
sufficient contrast ratio undler high ambient lighting conditions to allow
usage in the F—14 cockpit.

• The liquid crysta l display shows promise for overcoming the “washout”
problem inherent in all CRT display s. However , the present “state—of—the-
art” is such that the liquid crystal would represent a high risk approach.
In addition , character size and display capability may be a problem. It is
our ufldlerStafldiflg that the liquid! crystal display being developed by Ilughes
measures 5 in. x 8 in. and provides 10 lines of 16 characters each for a total
of 160 characters. In view of the vast amount of data required for the l”— l I
M M I )  (e.g. 1, 000 characters contained in the hydraulic system checkl i s t  I

and with a desire to hold multip le pages of information to a minimum , it is
believed that the CR1’ has a decided advantage because , as shown below , more -

than 800 characters can be disp layed on the proposed F—i -I  MMI ) . ln the
fu ture , should the advantages of the liquid crystal disp lay outweigh those of
the CR’!’, our approach has the flexibility to take advantage of the improved
liquid crystal technology .

‘I’lic proposed MM!) design uses a (‘Hi’ type NC 2739P that is 1 ~ in. x 5~ in. , and has
• an overall length of 7~ in. A in. area around! the CR’!’ is allowed for packaging.

This CR’!’ provides a usable display area of 1 x 5 in. A tradeoff of several acceptable
character su es and line spacing is shown :
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Character Line Lines Char/ Total
Height , in. Space , in. Displayed Line Char

3~ 16 l ’8 16 24 384

:3 16 1 ‘i ;  20 24 480

1/8 1 1 6  26 34 884

It is estimated! that the distance from the pilot ’s eye to the MMD is about 36 in .
with the proposed rslMl ) mounting in the Pilot’s Right Side Console. With this in mind ,
it appears that 1/8 in. high characters with 1/16 in. spacing are acceptable. In fact ,
the present CAl in the same location uses 1/8 in. high characters. h owever , a
greater margin of readability is provided by the use of 3/16 in. characters with 1 S in.
line spacing. This is the recommended combination. This character size pro vides
an advantage in message acquisition , particularly during time of Pilot high work load-
ing. In either case , character width shall be 3/5 of character height , except for the
“I” which shall be one stroke width , and the “M” , and “W” , which shall be 4/5 of the
height. Stroke width shall be 1 -‘6 the height of the characters . Character spacing
shall be one stroke width minimum. \Vord spacing shall be one character width. Ex-
amples of displays using different character heights are shown in Figure 30.

RECOMMENDED FORMA T FOR DISPLAY OF INFORMATION

The recommended approach for getting the required MMD messages to the pilot
is the automatic display of fault and course of action , in page format for all detected
faults . The fault will be listed at the top of the page. The required action to be taken
will be listed beneath the fault. Examples of typical fault .iie’~sages are shown in
Figures 31 through 34. Of the approaches considered , such as recorded messages ,
and supply ing course of action manually if needed , this approach gets the message to
the pilot in the least amount of time and! with good reliability. The record ed voice
message approach is subject to background! noise interference. The manually selected
course of action , when needed , is slower than the automatic display . Also , there
may be a tendency for the pilot to resort to memory instead of the checklist. Auto-
matic disp lay of this information will lessen this tendency , reducing the chance of
error.

Actual photographs of simulated displays are shown in Figures 35 through 38.
These dlisp lays were simulated using equipment that does not provide the checks W)
and arrows (4— ) to ind icate status as outlined in this report. In these photographs ,
-
, and <<< symbols are used to indicate go , and no go conditions , respectively. Fig.

25 shows an All Sy stems Summary indicating :i faulty Fligh t Control System.
Selecting the Flight Control System would result in the disp lay shown in Fig. 36 indi-
cating the faulty subsyste m — in this case , Roll  Stab . 1 and 2. Figs. 37 and 38 show
the message that would result  if the Fault pushbutton was depressed .
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01 WARNINOS +
02 FUEL SYS +
O3 CADC +
04 ELEC POWER +
0$ ENO INSTR +
06 AICS +

O7 HYD SYS +
08 ENV CONTR SYS +
09 FLT CONTR SYS
10 AIRFRAME SYS .+
II NAV SYS +

I2 MISC . +

F iqur * 35. Al l  Systems Su m m a r y
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RUOOER AUTH +
SPO I LERS +
AUTO PILOT +
YAW STAB OP +
YAW STAB OUT +
PITCH STAB 1 (2) +
ROLL STAB 1 (2)
HZ TAIL AUTH +
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A/P REF +
ACLS/ AP +
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ROLL STAB 1 AND 2 FAILED -

I A IRSPEED — DECEL TO STAB
LIMITS
PITCH NOT RESTRICTED
ROLL - 0.93 [MN

2 WA IT 10 SEC FOR SELF TEST

3 RECHECK FAULTS
I F ONE FAUL T (i OR 2) GOES
AWA Y , RESET STAB AUG - NO
LIMITS
IF BOTH FAULTS REMAIN

I LEAVE STAB AUG OFF
2 STAY BELOW STAB LIMITS

CON’ T NEXT PAGE -

F i g u r e 37 . Fault Caution and Course of Act ion Disp lay (Paqe 1) 
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ROLL STAB 1 AND 2 FAILED

WARNING :
DO NOT ENGAGE ACLS OR OLC

F igu r e  38. Fault Caution and Cours e of Action Display (Page 7) 
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SHOPPING LIST OF COMPLEXITY VS AMOUNT OF INFORMATION DISPLAYED

The following is a list of levels of complexity required for the MMD to achieve
greater capability:

• Design an MMD using the CAl interface as it exists in F-i-i . ‘I’his would
provide the simplest and most economical MMD . Basically the difference
between this M 1\-ID and the CAT would be the display of course-of—action in-
fo rmation.

• Make minor modifications to the interface signals . Capability is increased
resulting in some decision making, more specific fault indication , and ,
therefore , display of more effective cou rse of action info rmation . This is the 21
proposed MMD.

• Add Hydraulic Checkout Feature (HYCOS). This is covered in this report,
and is a recommended addition to the proposed MItl I) design.

• Add new sensors (Table 4) and multiplexing as outlined in Task 3.

- This would provide quantitative inform&tion on these parameters .

— Wiring would be reduced and MMD design simplified . ‘l’his is discus sed
in this report and is a major modification.

• Add Audio Cues and/or Voice Messages

— Potentially , tones can result in faster reaction times than visual cues.
However , they can he troublesome because they can be interfered with or
masked by other tones or sound s, resulting in missed cues.

- Recorded voice messages alone result in slower reaction times when
compared to indicator lights . h owever , combining the two (indicato r
lights with recorded messages) should result in improved reaction times
when compared to indicator lights alone. Care must l)e exercised in the
use of audio cues , particularly in the use of tones. The use of record ed
messages in combination with visual cues has merit. However , Grumman
is not proposing the use of these , or any additional audio cues beyond those
already in use in the F-l i.

• An MMI) coUl(l be adapted to provide Onboard Checkout (0 BC) types of infor-
mation. The F — i l  already has an 013C , but the capability is there .

(;5
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TASK 3

Task 3 contains the following:

• Description of operation

• Summary of implementation problems

• Additional hardware requirements

• A profile show ing the proposed location of the Electronics Unit  of the
i~IMD

• Recommendations .

The F-14 MMD Specification has been included in this report as AppendLx A.
This will allow this specification to be used apart from this report as a separate
dlocument. A summary of weight , volume, and power change s is included in Task 2.
The Avionic Boilerplate Specification , F—1 4A— BP— 6 8—1K , is included as AppendLx 11.

DESCRIPTION OF OPERATION

Operation and design of the MMD has been largely influencedi by the AIDS
philosophy of management by exception , and by the requirements of Mi l— STI)-Ill .
In keeping with the AIDS philosophy for a no—fault condition , the sugge sted approach
is to display nothing on the MMD . This approach , however , doe s allow for completc
manual systems status monitoring at any time by depressing the All Systems select
pushbutton. It might be pointed out that the present CAl system , and all existing
warning indlicators on the F— 14 use this same philosophy, nothing (lisplaved for a
no— fault condition. This approach , along with the Built—In—Tes t (BIT) provisi. us ,
will provide the necessary high degree of confidence on the part of the crew for suc h
a “management— by—exception ” display . Regarding l~-li l—STD--lli , it was question-
able whether this document should apply to an MMD since , in a strict Sensc , it was
written to cover lights and lighted legend s, and not CRT display s. However , it ((0( 5
outline the requirements for airerew station signals of the type displayed on an M M I ) . -

In adidition , it applied to the CA!, which the MMD will replace. In this respect , it
is believed that with the exception of a few minor considerations such as color re—
quirements , the intent of this document could be met with a (‘Ri’ display .

The categorizing of faults has been guided b~’ ~\ l I l — S T I ~~- l l i . wh ich defines
• three fault categories based upon severity and required action by the crew. These

categories are warning, caution , and advisory in decreasing order of importance.
Briefly, warnings indicate the existence of hazardous condj t ion~ requiring immediate
action. Cautions indicate impending dangerous conditions r equir ing action , hut not
necessarily Immediate action. Advisories indicate safe or normal  conditions 

-~~ - - - • - -~~~~~-~~~~ -- --~~~~ - - - -  --
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noteworthy of attention. With these factors in mind , an analysis of those advisory
indication, which should be displayed for the pilot , indicates that they should he
classified as cautions. If this is done , the category of advisory would be eliminated
leaving only warnings and cautions to be displayed on the pilot’s MMD.

All detected faults of the warning or caution categories cause automatic dlisplav
of the fault and the prescribed course—of—action contained in the Pilot’s Pocket
Checklist. In the case of cautions (majority), the Master Caution (MC) indication
is also triggered to alert the pilot to the caution message displayed on the MMD .
Since the recommended approach retains all of the existing warning indlications in
the pilots cockpit (these are all located within the 300 cone of vision), a Master
Warning (MW) indicator is not necessary . The MC indication is required because
of the location of the MMD .

Manual displays are selected as follows: Depressing the All SYS pushbutton
causes the All Systems Status Summary  to be displavedi . This display is shown in
Figure :~3. Each of the systems listed has its unique number and its total status in—
ch eated by a check ( V )  for no fault , or an arrow (.4—) for a fault situation. System
selection Is accomplished by depressing the appropriate keyboard digits that match
the number of the system desired for dhisp lav . This results in a display listing the
selected system and its subs stems , along with the status of each subsystem. If the
FAULT pushbutton is now depressed , all faults of the selected system arc displayed
along with the appropriate course of action information , in page format. If several
pages are required , this is indicated by the caption CONT’D NEXT 1~AGE at the
bottom of the display. The next page is displayed when the NEXT PAG E pushbutton
is diepressed. Finally , when the displayed information is no longer nee(led , it is
cancelled by depressing the CANCEL pushbutton. In the case of warning message s ,
only the course of action portion of the display can be cancelled as long as the fault
is present . The fault portion will remain on display as long as the fault  exists.
The first line of the display will be reserved to indicate any unremovahie warning
fault , or to indicate a caution fault that occurs while another caution fault and course
of action is being d isplayed.

The purpose of the MEMORY pushbutton is to provide display of fault history
information in chronological ord er of occurrence. This particular (Memory) storage
unit will he nonvolatile for power interruption or shutoff.  ‘l’his is achieved by use
of a small rechargeable battery. Under powered conditions , a trickle charge circuit
keeps the battery charged up. If power is interrupted or shut off , the batte r~ will
hold the state of the memory storage. At the beginning of a mission , the memory
would be reset by simultaneously depressing both the C A N C E I .  and M E M O R Y  push—
buttons. This would clear the nonvolatile memory of any old information.  It is
believed that this feature will be very helpful for debrieling and possib ly crash in—
vestigation purposes because it provides a record of fault information.  The lay out
of the MM !) front face is shown in Figure A-I  of the MI\1D Specification , Appendix
A.

The fault category priority system (h ictates  ‘ at warn ings  have pr ior i ty  over
all other categories , while cautions have pr io r i i .  .~r a dv i s or ic s .  (‘he \1 \ h l )  as

_ _ _ _  
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proposed does not contain any advisory faults. A warning and a caution occurring
simultaneously results in the automatic display of the warning fault and course of
action. The caution fault would be stored. Its existence is indicatedh by the MC.

- ;  It will be displayed automatically whe n the warning message is cancelled. A higher
priority fault occurring while a fault message is being displayed results in the
automatic cancellation of the existing display, and the display of the higher priori ty
message. The lower priority message will be redisplayed upon cancellation of the
higher priority message. A fault of the same priority occurring while a fault
message is being displayed results in the new fault being added to the existing dis-
play (in the reserved top line of the display) without course of action information ,
a MC indication , if the fault is a caution , and automatic display of the new fault  and
course of action when the existing display is cancelled. A lower priority fault
occurring while a fault message is being displayed results in a i\IC indication if t lic
new fault is a caution , and automatic display of the new fault anch coursc  of act ion
when the existing display is cancelled. When two or more warning or caut iona r \
faults in the same fault category occur simultaneously a preview listing of the faul t s
is displayed automatically without course of action information. Beneath this pre-
view listing, the faults with course of action information are displayed in page
format. Several page s are used if necessary . Each page is available on a r ota t i n g
basis by use of the NEXT PAGE pushbutton , until the message is cancelled b~ use
of the CANCEL pushbutton. Typical examples of the various displays arc s t o w n  in
Figures 21 through 24. 

-

SUMMARY OF IMPLEMENTATIO N PROBLEMS

Installation

A major problem of implementing an MMD in the F—i-I  is finding a location that
would have minimum impact on the F— 14 cockpit. In Fi gure 27 the AIDS cockput lay-
out is shown with the M1\ID locatedi to the right of the Vertical Situation l)isplav
(VSD). This layout is applicable to a complete AIDS conf igured aircraft .  This
location is possible because the space occupiedi by the various AIDS dhisp lay results
from the deletion of most of the presently existing cockpit instruments .  The five
AIDS displays incorporate all of the information dh isplayed on the deleted instru-
ments. This stud y, however , deals with rep lacing the CAl with an MMD. After
much consideration , it appears that the installation having least impact on the co ck—
pit , and appears to be the only practical location in the front cockpit , is the area

• presently occupied by the CAl. The MMD width would be fLxed by the mounting
rails in the cockpit. Depth is also restricted to about 7 inches . Considering these

- - constraints , an MMD design is proposed that requires the movement of only three
panels , adjacent to the CAl , approximately 1 inches toward the rear , to provide
mounting space for the MM D unit. Figure :t9 shows the required modifi cat ion , and
Figure 40 shows the Display Unit installed . Figure -Ii shows the tentati ve locat ion
of the Electronic Unit of the MMD in the circled ! area , above the box numbered 9. 22.
The estimated size of the Electronics Unit is -1 x 7 x 9 inches , ~-h i le the ~-ei ght ,
exclusive of cables is estimated to be 10 pounds.



~ 
.-z- -

NADC—77o7~;— :W

“ r~ -~~~-‘c-~-~~-~~ _ _ _ _- — r —  cr—-—
r~~ r -— ’~ --——-~i-— .~ • -
i—

~ r rrl-r--— ,
- - r~~j r—~;r’-r~r-- - 

~~~~~~~ .F ~~ V F ( A  r ~~- r—— - r~~ 1 r —  .~ - -
- ~~~~~~~ --r~~~r- ’  r~~~1r- - - ‘• r—- r —ir——r r— — •~ - , -

• - ~ r~~ r’~— r-— - ?  - -

r r r --- n )  ~j ’, ___a—- r r  - 
- r -r - --- 

•-~~1— . ~~~- -~~ ~~ -~~- -

F tHF SF A\~ L~ - • -
4 ‘. - - h ’, AH ( 4  AR 

~, ~~ - 
- — I

~ ~F r ~ 
- .

~~
.

• r~ ______—

~~~~~ ~~~~~~~ ___________

~~~~~~~ ~~~
‘
~:-. 

- •

IF’* :j

Figure 39. Pilot s Right Side Console

— •~~~~~ ~~~~~~~ • _ _



- - -—-- - .--- - -~~~~~~~~~~~~~~~~~~~~~~~~~~~~ - - - — -~~~~~~~-• 
- •-- ---

~~

N AIX’— 7707 (~ --

MMD —~~ __) IiL~~~ fT~~~I j  
~j  j  ~ 

_ _ _ __J _j J _J~~~~~~~~~ 
-

_ J _ _ j J J  
~~~~~~ _ _ _ _

~
_)J _j

~~~
1
~~~~~~ 

_ _ _ _

\

-

-t -

~~ 

~~~~~~ r-1~-~ .. ~ 

‘—
I 

______ -
-

4
,, 

-. _—.

s -  -

Figure 40. Pilot s Right Side Console With MMD

70

_ ~~~~~~ - -~~~~~~~~~~~ -



- • - ~ Sr U~~ ~
—-- 

~~~~~~~~~~ ~~~~~~~~~~~ -

/
8 6

S

C .._ .~ S- ~~~ ‘~ 

~~ • •  

‘s.:’ 
- 

- ~~~~~~~~ 

“-‘ 
~~~ ~~~ 

- -

~ 

b

— —- 

• &•L r ‘~* ‘r~~ / b O t  CO,WL t Mfl - t~~~ b ~~~bOs t 1~~

~~~ 
- 

— -
~~~~ ~ Ot U,7 - 4

5~~1 (~~~
_ 

~~
- - t -1167 

I t ~~. 

~~~~ 

~~

_ _ _ _  

- 
~
°: 

~ 
-

~

- (\~Li _~i~ ~~ 

°

~~~~~~~~~~~~~~-— ~~~~ 
-

‘ -~ RA .~ RLCfl t  

~~ ~—•1
~~~/~ 

- 
* ‘,t t i

C 

- 
- /

— c?~~~-A 
‘~~‘~~~ / -~

4O OS4 U~~~ LFt ~-,-& 8~ ~“ -
~~ PNA C~~ o~tR - •

~~ I U S ~~UTUO ~~~ CO~ Tt4~ S~
(I€I* 1 -

- - 
- -- — .  ½5..t

- ~~~ 5SL5O~ 
~~~~~~ — 

- 
•
~ 

~~~~QS5 ‘~IL ’ U~~U

- — I~~~1
\ — W • N O ~~o U(~~O 

~~~~~
\ r~~~~~~~~~~ •- 

~~t i OUL~. ~~~~~~ 
• ~~~~

‘ ‘ - - -
• ~~ 1~&l. 0’s 5-0S (4~ LOICATOR 4ROu~ - —~

4 - O 0” s L T I  - _ -~~~~~~
- • •

~~~~~~ ~~~~~~~ ~~. ~~~~~~~ - 4
~~~~~~~ LOT1000 81~ 5 

~~~A;:
— 

- U / - -

A R ~ C~ 5 -- 

/ 
~~~ 

— 
~~~ \ 

_

\ 

~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ 

- - 

-

• • - 
- 

-- —— I 
- -

~~~~~
-

0’~ 
- jI~~or-; 

S 
- 

• — 
— 

S - 
- - 

/
_

S
- — - 1

A~ PoA ~~~~I 
- 

- - 4 
- - -

- II 

- 

• -

/ ‘~‘ -- = 
-- - - — 

- 
r—~

• - 

~c
(
~

l_’_’ tU S
~ - _.~~.i~l_ + S 

-- ‘ U

- 
- - — 

-~~~~ -: . 
~ E-~ 

• - 
I •~ 

-

- 
- ~~ 

• 
-

- 
- - o(t—r

S I “U• — S ..”..

‘s 1 0 0  I 

— — l / / — 
— 

_1.t - — C ~ 
~ 4r

~~~~~~~~~~~~~~~~~~ 

~~~~~~~ /
/  

~~~~~~~~~~~~~~ ~~~

- -

~~~ ~~~~~~~~~~~ ~~~~~~~~~~~~~~~~~ ~~~~~~~~~~~~
•UtV * Q 0 sLf,.l tJTv I / / V / ~‘ • % - -

UN I T / / / • -
/ / / - 

- . •r 4 *)  V I EW
* F / 5 O . S C -~~is( 1 •‘•S•• •S5’.-~~b ~O 15~

at D lOO *..lEUtiA I I &L & UC a,. ’r - l K e :1( i ~~~ 4~~ *ltL( 

/ 
/ 

OI l  - .01’ - - — — SL1 - -- -
~~ -- S • i s  - -

. • ,.

tW ~ lWI ~~~~~~~~~ ~ — ‘—~L ’ -— 5OO~ O 06 U 0~ -~ - 6 1- ~ N ~ l6I G~ N ~~~~~~~ OILTOI1

/ —~~~ O &t~~~s.T ~W1~~T6 .. 
—- - 

—

o~~-~a *$TIMNA ~~~~~~~ I — 
-- r~.c, o~*~~i~q4 M61SNN*. L~~~- 4 .~ 10 bo, ..J~,\ 5 6 0*

HY~~4D .hR *E~ -iOO — -•

— ‘iI L . , f l t t D  ?~~S

- —  
S I 7 6 

~~~~~~~~~~ -- - --- - - _ _ _



— - — - - 5--’— - - — —5--— 
~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ • --- ‘ ‘~‘ - —--5- — - -

-
-- • -  - -

r
~ U I 

- -  
,

5- - - .

I 3
- - .  I ~ i . 1’

— — 
— / /  ;C..~~QO6 s,.~~ S VI;

_5656* •k’

SO - S.S S S S ~~~ flflS•S _ _ i •~U.S0~~i ‘tC *TC56* 0 C-C ‘*10 MA%1
I &S PL • 5 * / i  - 9 Sd 6/9 ~5fldS~~- • fl 4 4 5 6  ..Q It. 3.. (6 - a %5 1* SS•*S~69

56. M*’ A/t J
- •‘; 

•~~~~~~~~~~~~ iS. g. I 
~~~~~~~~~~~~~~~~~~~~~~~~

W L 5*5 5 - T. - 1W 9 U42.5 1*1. 1 .5 • .-s ~ ,*,-t -
— I -- / - - U  6

/ . ..-0 0 ; S  .s - s—-sn4006 50 - . -
5 - . — . - i~~~~.

— 7
’
~ Th-?o~. / .— \  

— 
6 0 0 0* 0  &D.~ 4 56

~~~~% 0 L  LVO’sO I ~*t ;-S 
- VO56L STOWID 

•••
~
-5•-5f•

~
••4•~~• 

~~~~~ I 
OO~OO~IJ56.�L~~ : ~ -.

I \ 1 0 ~~O 9’S 1( — 0~~ 
_

—-5-_ill-
-- 

~~~~~~~~~ II J C  :~ ~ 

-~~~~~~~ TIMOIsO ~~ ~~ l~ 1H~~ 5 6 1 0  
:

~0 T 0 0  ~~ :~r~~ 
~ AL

9-
~~~~~

• - -
~~~~~• I =

~~ ~~~~~~ - - - , • ~ €~~ - •.~ .. ~ ~~ ~~~~~~~~~~
>‘,‘ 49 Ct S 0*56 36 50 Pd) ,ar.5.0 lit LAI) 0 s~C *4 3114 ‘t-S5 SttL/0*,(b - 

0*’ !  I - S - i66 p9 114  OS.0.— EQ 1- - • S .OIM ’/t 5 6 i  (S00000tI 0041 0 6 0  1< 7 5 ‘(vS s M Q  01 10511,31!. 54 - 7*7 .%&a4.9’ . S f~• I*1 0’ b C LtO 1!O O6VS~ S-d  - 755 *c’40 o 6 0  1! OOP 6*V- -9 60505 01 S S 1*5 N’- ‘ - 134. OtTO •C — - ‘*59300 ’ 9-1* 
-- *40V 5656 4 * 7  - ‘~ ‘~ - LIA PRO U,•V CIO vOW s0.3 5 6  0540&JILL I U, - 

- -~~ ‘r~ 
9- - 7.02 5~~-TE. t~~.t54.b4-s 53 U(S1UI 1*5 ~~~~

MMD ELECTRONICS UNIT ~~~~‘s2,~ot~~ss~~*;c ~.s*

TENTATIVE LOCAT ION 
I I  ~~~~~~~~~~~~~~~~~~~~~b l4  Llo sYXR /050019 . 5 .  ‘- 5 505 l.-’~

. U
~~ I

P59LL~~ s-S 1-7 ~ JO T AQLS)/00 7 

~~~~
oUSOLL 9-S~~Ltr 

0 5 0  
/ 

I 9 6 

/ / 
I /

— 
j— 5_OS - / 01190 oio.  III 040314 0110* 01*4 - I 

-
~/ / - 

I / 
~~q 

~~ 06/~~t_  /

co~~~~~o I~

- ~~~~~~~~~~ 

- 
~~~~~~ - - sibl O.. ~~( ~

~~~~~~~~~~~~~~~~~~~~~~~~~ J~
[ 

~~ ~~~~~ , 
\ *~

‘ ~~~

.::: I 1
~ 1 E 0

V / E N  LOO5’(M.~ I7’4~~ D ~~ o ~~~OO(R It..~~) 
- (L 1 ~~~~~~~~ 

~. -‘ • .9. 5 5 ,’ . ,’ - !  —

~~~~~ ~~~, ~ ~~ 

) 
.. — • - 

I ‘‘ ‘ ,. 
~ 
‘
~~ - - 

‘ —

%T i nc SRO56’iO • - o C - ~~~S0 
, - - — — • / I- 3. . 5 i  IL .1*d’., 5 , 0 4

- 3* - ti SO .‘ S ~ 541! 4.5*.
- - --

1T~iI~ 
A~ IFO97I 1;I1 

____________p ~~~~~
— ~ — 4 1 3 

____

_ _ _  — 5 -  
_ _ _ _ _ _ _ _ _ _ _ _ _ _



..~ a.,~— - --’-~- - ,r ~~~~~~~~~~~~~~~~~~ ~~‘C/”~ - -- —/ --/---——- --— .—-r ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ z. v __ ;  -
~~~~~ ~~~~ 

—- 
5_ Ill

?~ ~: r- --~~- NADC—770 76— 30

- -

~ 

______ 
9~~~~ ~~~~~~~~~ 

SOC 13 ~~~~~~— 
-. 0 ‘0 ~ ooc 100 o o o  *~ s...t ~ou 000 1 0 CL ~~~~~~ *.‘~~ o /

- S /.5StQ 5.i’*- c. , 94.5 - 
• 1*AASMVIICR LQ5.950L S.5”~~- ~~~~ L’€~9 59 5 9 9- 7 - - S5.*5 . - 7. 5 _ C it

- - I -CV i9-L4&LI 9/9-14/ It.’ -494.I- 9/. . s 5  1/441*5155/991.0 - (C 454 66695 s.LC - r 4S~~~S *Us.~ s., .t .,~, — - — -
— -- - 925 o,~ C 9/’. ~biP~’ 8OSi I6SIldL. 21  6 

~- ~)54i 6 SOOPO s 9.9..73 009- f - 0 , 0  1L5E~4 ‘156t , ~ L5I ’ A ,~ v)Q~~~ U —- - .C04)1565.’1059 LISLL 3554 -C ~flo tR 559104.1 .5.1* 5 050 .355 521 • .1 LM1’&&IA/ .4 6 9  LI’ 6 59 /?  f l v*4P 1*5A.S..4, .00 oltol —- :41 t’4 544’4 111 0656-7.4 
6/ 5 Q(Ct-flR 65404* 0 ‘.0 4.50/54 56M16 56C36 ‘3¼ 1Q ...1 Co-I5**.~l,.*- ‘.4 54956 5*55 0 
•~~ 5 056 5656 01400055 1100 4 / 0 . 9 - 3 0 . 5  $9/ 1CM’5

50 5 - 1 /  CCUSCROLLER 560.1115! Afl ~~0li1 5-41~~..s -i,

00 41 56. 05 54 1 1 
E C 5 ~ ~~ ~ — — — D

• L’s - 4 9 - 5 5 / 5 0 15  000*0 0,13059 *4 ~ l s /  (05956 5* 65469-SOIL  9-OW 0*1 I 33 553 s 4 U  / ((P. 5 6 1 5 9  15 - H REV ISED ~~~~ j o~~ _l4 9-05W Q1,4’..50 CPLR 240- 6 OPt! 7.73 .,.4W5454C4( 69, 57 ‘~ 554605541567 CCS4 1~~~. -‘,~~200 COSINU74CA(I0545 coo 305.510 P7 • 5 6 4 .  - I - -, ~~~.‘ 
— — — —2 . 2 /  RC55a~’5N13 ST 350/SOt 12 -3.55 204.6 0/0 0*6 50476 , ‘41 II’ - 4*’ 9-39 7 ( 1 5 6 9 5 6 6  9154 - 5.5**, .,SS55l * 94/5 5 *.,

~~~ (CI090ThR 0.1. 3, 7 SIC .4 l))Ml.J114 N& .~~~ 555.0 - 4 s—S-c sa.t~ S-s 73 11/754 / X.5.S&. 1,5 .096*7 — —
- S0 tOe504 5544 411/4 3.49 1541155513¼ 0415409-/lEO/JO b*) .4. 1 840.5 154.5,0 $ 44/UCOl  41 - SI’ .,.
- 2.. 1O$T SAT ~,08055s~ 15-1845 080 .3.43 0556 56400’06 5100(5 C0ISP*.ITIO - -

~~ 
- s - ,s. t, ~. 0 5 0 . 0 4  14/4*00, 5, 4 ~~~~~~~ .. —

- /5 OI0 t€ IE ~~ /1/ - 37344 340 5T001* C24SI59kJ’ER 59000 ~~~~ S• •74 17 7*. - U.’ UU4/555O51 ~O5II.5 -- I’ 42300374 RoOse R7- 84.SNAPO - h. -.‘cl .o o.*c.,. 019/000114 - s.,. .. IS**i.~ IqSI *o,t l)  — -2 32 55.19-544008114 56040.49300-11. - 5-41 • 5 S O / ’  9 4 / I / S  ‘ 1 ,  - 
7 - 55556/PUlP. /. . t5.L —-____ ,. 3 3  5*1101444404.54-0 3,08 11, - 6312 4 7 0 / 5 1  501!73 / 9 . 1 / 4  00* /8 0 ~~ - - -

It ..0Npui;R *4-5* 75622. ,.. “ 10691001.9.0/49-13*12 5 1/4/544 -
4 TSAC 1T 93,CRV O1O3RL054IC - 5 7 2  405660SJOPI./ 1b 0 5445560 1 - -

- 05/ 42560 0447031 II’s4 40C /0~ S(0(S .413 ~~~4 5440549. 00’S 74/3349.1 2*14 / 5 * 1  56 355 .3 74 /5224 444273413~~~/ 5 /
3101 0555k 0005/C. CRl0~6i4IC 69460055 5 4 9 -  ~ ~ cL. ‘.lt. ~ 5 3 1

- 2.51 5*iTcs. .R4Dso c R(O,00lc-.- (.0530*5. ~~09 ~tsocosoo~ ~~~~ 3 4 ’ .  59 5055.5 Is.’ /LLS.50I /7C9S •0176
0.53.5 DIPtIORO C// - I47~~ .5. - 6 55. 754 007 CAl.. 15411 9 1 - lbS 9- 39.

• 3).0 A(T~ RIE~~~N.41 5*M4S1tR M4-I..11OU - 
~qi si-ps, 1,10 f~ Pwe OOPPL-4 151 61 ~‘4140

• 282 5*179-54 44010 14303454Cy 5*5414 3.59 9-4/5*424 OS/Il) 4. 1 / 0 1  14 ;SSTR
081 )Pc5364 Cl) 0118 4 - 1 2 5 2  - 5 0 59S41 2l954,6Q 0147.00 19.10100440 01X/iVlES56ESSVRE~~ 4/5_ . . s 4 / , 51 i’,. 052.50 .OPtexIO C16i’3151* - 1524 ‘4 - ~4417 6
. 143 3CC 4- 85560 86.ICQil 50-&i/’P’45*D/ 1.52 0*04*4.22.59 A lP  73.4 2 - 4~~ /56 800 5 21!

- 1.14 .5.SIALVZS0 - U ~06 I 44* 1,521*4112/5/  4230 55.174 Ri-i(.S0(A14N-I54 - l I T  .S&4559_ 4 4 0 / 4 /  —
2 -03 01)0004107/1(54 IPOI-/54 - - 13/ 142550 01 048 5.~0 CO F.9 / 5 4  4403.018 5 4* 54 55.4/5 - 131, 49- TO CU 4*0,5 41 05.14 - . 29 0 /  53.00 19-11445! C04JTROL55 

- ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ 
L__ 

- 
— 

.‘- ‘  ‘ :  - - i

5121 1ON01CTER 3OW ILl . 7069T842L - 143 PRC4.E4/4014 9000 ‘P6, 1534 44-11495.475._l I / /‘9-22 cogoejTE.s- 017255 09.1. CONTROL - ~‘s ~~5 ¶55.515503956 sol ~~ �~~ ‘73 IV”vI// C-5(5 COMPUTER - ‘99-59/ Ptl- CS4IR0L - 152 547 - - /19. 4 7 3 5 4  9.5114 56/ 1. 41,—IS  5~’ / /-935 4411 51595056 655’, 7(05 659051* 1 7 5 4 5  *554 .46/ l* IS ISUS . SIlO -- .0 / \- 3.36 *0C15.ER000’ER El.8~. 1/04144 1 ‘I 515 04//I /445 5/ / \ /
i~. ~~~~~~~~~~~~~~~~~~~~~~~~~ ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ >“ / \ /

~~~ .,“3N7 9-04.9- 5101.4 21-47 /
5.00 *61500*4.10 U_lLPONS 22005180.5 / /

- 3,11 SW ITCI-554*5 /74.1 54-9-7455 ~~~~~~~ / / / ‘9 3569(4/60 ~OS23/.L44 C$ / 0 4 5 / 1  9~- 5~l4 05042266 2044/45440 544 61* 505/l444-I73(?( .0- 8.55 CACO~~Q ((5454460 546 6’, 5554. 5*14 -5 9- 44 .0
-5.20 /4*0 559/4*44(01/70 11.392211054 955-4410 448 4(41 /
-5.40 CONT~~~. /15451 51159228575/4  / •0542 19.30 *Tt’*’54 .0/19.5449 

_/‘ / • - • 

- , -44 j
/ I 

~~~~~~ ‘ 1 5 5 4 5 5  /

,,“ ,/ /
_._sTS(AL ,7 / 1(11649-...!

717 - / 1’ 3 4 5 4 0 4 0 6 1 9 . 0  /
- 11556~~~061 1410 - ‘~‘~ / / I

S - / I 1
(‘.14111) tI.~~5*5 511t55I*liA/ l /

— 7/1404 31* 15 1535*9.1’, / /
15955 3* 713(4*1 / —

4/ 

(

3~_ I 

- 
- - . -- - 

-~~ - -
• / 41541 75456 I S~iL ‘U. / I S I  . - —

/ 9  / I
- 

- 
-_ 

~.,i\T~~~ \ ~~~~~~~~~~ ~~~~
C73- rt55~~~~~~~~~~ 

- I/ 
I

-~~~~ 

-

~ t 7~~T~ 
t~~~ Ji~ ~~~~i ~ —

5-1 ~.: 
— 

/ I -
~~~~ —?~

-—

— ~~~~~~~~~~~~ 
-
~~ 35L 5C14*5 — 

_

( .5,5/2 5*41 - I 9 
4 / 5 1  ~ lV 5010

S 
,,~ .5I’LE1/ FSSiSk/ * lV5 515 L I I  

05
56055 54 - I/fl 11 7 49- I 41149 ,/‘ 0

lb 5631156546 - — - — — 55-— -
000/.lt*#. .574, 01 s IA

5.1560 \ 4400131 P/I55749i4 $ \ 4
(1*1.47 /50.5’, ‘5)114
,/*ltfl ISlI/.11 5431 0541(51*15

I.At0’~~~l l,
7 f l. 1 5 / 5  05.54 U F55 / 4 / 54 ‘ .51/9 - 1555/7100 oc t  I SIt •Si ‘ I 5111 - - I l  / 4  754 / - _ •~~~~~ I l 5

/ ~ c.’w”s% 9-0_OS Si41O\ / II U ~~g i  5415 SO -
9 9 . 4 3 4 1 0 7 5 1 1  .5
94 - 53-a 1~ ~ -/34 5 ~ ~~ I 341155/5/  4 5* 156, ‘~~~ \ . \ - l  - - I l L  •. _ • VS ’S U/I.

1 /  / / A l 55 —. ,-t.r F , s  
, -(1.05 I PsIkI ’ . 6017 1(14.. 15 - - S__ l i  /1 

/ / S.—— J 1 26512 A~~~(F 0911
1_P. ., 1 3

2
Figure 41. Inboard Prof ile , LH Side

71/72 

- —
~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ i!!~~~~~~~~~~~~~~~~~~~

- -- 
t~~

’
~~~~~~~ _ _ _ _ _ _ _ _



NADC—77 076—3 0

Finding a location for an MMD in the rear cockpit is yet unresolved. The
Caution Advisory Indicator in the rear cockpit is considerably smaller than the one
in the front cockpit . Therefore , its removal leaves very little space to work with
in the way of locating the MMD. Also , on either the left or right side console there
is not sufficient unused space to mount an MMD. Creation of the required space in
either console would involve moving several panels from one side to the other. Be-
cause of this problem , the following possible solutions exist for resolving the M1\-I D
problem in the NFO’s cockpit:

• Use of the Tactical Information Display (TID), or ECM Display to display
MMD information in the rear cockpit . The main disadvantage to this
approach is that it would require redesign of whichever of these displays
is used. Such a redesign is undesirable due to development cost and is
not recommended.

• Make the necessary moves on existing equipment as required to provide
sufficient space to mount the MMD in the NFO’ s left or right side console.
The disadvantage of this approach is that complex aircraft wiring changes
would be required to keep associated equipment together. Considerable
cost would be incurred in pursuing this approach.

• Incorporate the display functions of the Digital Data Indicator (DDI) into
the NFO ’s MMD. The DDI would then be eliminated in the outboard right
side console. The EC.I I l Display Control Panel would be moved from the
inboard right side console to the space formerly occupied by the DDI. The
space vacated by the ECM Display Control Panel would be enlarged by
moving the remaining three pieces of equipment in the inboard right side
console approximately six inche s toward the rear of the console . This
would provid e sufficient space in the inboard right side console for mount-
ing the MMD. This disadvantages of this approach follow:

a. Display requirements for the MMD and the DDI are such that the CRT
display would have to be partitioned to accommodate both displays.
This could be accomplished but would require more sophisticated soft—
ware and circuitry. In addition , the d isplay capability would be re—
duced for the MMD , resulting in messages averaging more page s per
message.

b. The DDI essentially provides mission—oriented information for the
NFO. The nine data link carrier landing related messages appearing
on the DDI are repeated for the pilot on legend s that are located on the
pilot’s Vertical Display Indicator. The disadvantage here Is that c ir—
cuits and associated software will have to be incorporated in the pilot ’s
M M D to provid e for these data link messages.

• Leave the NFO ’s cockpit as is. This would mean that an MM D \VOU 1(l not Is-
installed in the rear cockpit. The NFO would use the existing fault  indications.

73



z —  - -
~~~~~~~~~

— - - -—--- ‘- ‘
~~~~

-
~~~~~

‘- - —---- - ‘
~~~

NADC— 770 76—30

This approach would permit development and flight evaluation of an MMD
(pilot’s cockpit) with the least expense and impact to the F-14 Program and
is the recommended approach.

Multiplex vs Discrete Wiring

Due to the number of input signals involved (~~ 6O) , the advantages of the use of
multiplex techniques, as opposed to the present discrete wiring as a means of getting
the various input signal information to the MMD, was considered. Multiplexing in-
volves linking all of the fault sensors in the aircraft to a data bus b means of Stan-
clard Interface Units (SIU’s). These would perform sensor address detection from
the address word on the data bus , sampling of the addressed sensor , and placement
of information on the data bus in d igital format , for use by the MM D microcomputer.
Figure 42 is a diagr am of the Standard Interface Unit .  The SIU ’ s would be located
as near as practical to the sensors to reduce the amount of discrete wiring to a
minimum. The MMD microcomputer would then program the sampling of each sensor
in sequence , and store the status information in memory . \Vhen a fault  is /k - teeted ,
the microcomputer would initiate the required display . In this manne r , the status
of each input is repeatedly sampled and the memory updated. The number  of wire s
entering the cockpit for use by the MMD is reduced to those required for the data
bus , the control signals and power for the MMD. In this case , multip lexing as
opposed to discrete \viring, results in a wiring reduction of approximately 90 .

Undoubtedly , if we were designing a new aircraft with an MMD , multiplexing
would be the best approach. This would greatly simplify M M D  design because in
addition to the interface wiring reduction , all incoming information would be in the -

same (digital) format. In the case of the F— 14 , the aircraft is alread y designed and
built. The advantage of reducing the number of wires entering the cockpit is off set
by the fact that these wires are alread y there. The ad vantage of interface simplic ity
as a result of having the same format for all incoming data is also offset by the need
to link the various sensors to a data bus through SIU’ s. At this stage , suc h a change
would have a major impact on the aircraft wiring , equipment lines , draw ings , and
maintenance and technical manuals . In addition , there would he a question of de-
creased overall reliability because of the rework , and probably some degree of
additional qualification testing would he required. Such an approach \V OUld seem
Impractical for an MMD evaluation project. However , for new a i rcraf t  design s,
or for production major modification efforts , multiplexing would offer many advan-
tages.

Threat (DECM ) Indication

Present production F—I-I ’s have the following DECM warning indication for the
pilot:

SA TRK
Al
Al /AAA
SAM

_ _
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Because these are dedicated warning indications , Grumman recommends they be
retained along with the , other dedicated warning indications. These are indications
of the existence of various type s of threats. These indications are crucial and
be ing warnings , are located within the pilot ’s 300 cone of vision , providing heads—up
indication. In some cases there is an accompanying aural signal. These indications
could be displayed on the MMD without any difficulty . h owever , at the time when
these indications are likely to occur , an additional ( i - . - undant l warning indication
on the MMD would be counter — productive because it v. ould increase the work load
for the pilot during a very critical part of a mission. The need for displaying a
course of action for these indications is also of questionable value. If the pilot does
not know what to do , and automatically take the appropriate action , he is in serious
trouble. For these reasons it is strongly recommended that these I)E Cr\ l indications
not be displayed on the MMD .

Fault IndlicationS Prior to Engine Start

Prior to engine start , the following fault indications .-x i s t  in the I- — i-i ; 1~ & H
Generator , I. & R Fuel Pressure , Oil Pressure , Hy draulic Pr essure . L\IU , Na viga-
tion Computer , Ladder , Wing Sweep (advisory),  and \Ving Sweep (warning ) .  1’hese
indications represent normal cond itions since at this t ime the coi-re sponding sy s t e m s
are not operating. As the engine start sequence progresses . and the various sys tems
become operative , these apparent fault indications will disappear.  For the proposed
MMD , these indications include a mix of caution , and warning indications. ‘lhe re—
fore , in keeping with normal operation , the warning (\Ving Sweep) would have priorit Y
and accordingly would be displayed on the MMD along with the course of action. The
other apparent faults would not be displayed until the warning message is cancelled.
Therefore , until the warning message is cancelled , the MMI) would be tie (i up with
a meaningless message. This problem will be avoided by the use of appropriate
gating to preclude the MMD sensing the no go conditions on these line s as faul ts .
\Vhen the no go cond ition should be gone , the inputs will be reactivated . For exam-
ple , the ladder input signal will be gated with an external power discrete. By the
time external power is removed , the ladder should be in the stowed positio n. If it
is not , the proper fault indic ation “ladde r unlatched” will be indicated on the MM 1) .

An “engine running ” discrs ’te will be generated from each engine tachomete1-
generator for 50’,~ rpm. These t i i ser etes  ~vill then be used to gale the following in-
put signals:

• L & R Generator

• Il & R Oil Pressure

• 1~ & R Fuel Pressure

• Flight and Combined Hy draulic Pressure

Using this typ e of gating all of these apparent faul ts  would Ix~ inhib i ted  when th ey
should not he in (t i ( ’atc ( f , but the inhibitions will be ren iu~-ed in t ime to a llow prope r
fault  indication when the engine s are running ant i  the s’. st ems involved are operati h g .

In th i s  manner , the pilot is not bothered w i t h  t a i s t -  indicat i ons , which have to he
wat ch ed  to see if thc~- go away at the r igh t  t ime  as is the case w i t h  th e  p res en t  ( .\ I. 



~.-_ — --- -:i
~~~~

’ 
~~~~~~ 

____________________

NADC — 77076—30

ADDITIONAL HARDWARE REQ UIREME N I’S

The existing CAl contains several circuits used primarily for purposes external
to the CAl. These include a flasher circuit , dimming circuits , provisions for testing
externally located indicators , a pair of external power supplies , andi certain discrete
circuits which dr ive indicators remotely located from the CAl. The purpose of each
of this circuits is as follows:

1. The flasher circuit is used to meet the flash and drive requirements
and drive for the MC and Wheels warning indicators.

2. The dimming circuit , upon receipt of a discrete signal , reduces the output
voltage of the circuits that drive external indicators. This is required to
meet indicator maximum brightness requirements during dim conditions.

:3. The test provisions essentially cause the test input of each CAl discrete
circuit to be activated whenever an active test signal is present at the
interface. This results in all indications being illuminated at the same
time while the test signal is present.

4. The two external drive busses each have a capability of 1. 5 amp (incandes-
cent load) anti are used! throughout the cockpit to provide dimmable supplies
for various indicators.

- - In addition , the CAl contains certain discrete circuits that operate remotely
located lamp indicators. These are Reduce Speed , Altitude Low , Auto Throttle ,
A/P Ref , and Wheels. Altitude Low, however , is no longer used and Auto Throttle
is now implemented without interfacing the CAl. Therefore , w ith the replacement
of the CAl in the pilots cockpit w ith an MMD , the above mentioned features would
have to be added someplace in the aircraft. The recommended approach is to include
these in the MMD Electronics Unit. Accordingly , these provisions have been in-
cluded in the MMD power estimate of 500 watts.

RF :COMMEN DATIONS

In conducting this stud y, several areas have been uncovered which should be
investigated further:

I. Conceptual. (Requirements) studies:

a. MMD/EMD — This would investigate the feasibility of making the
MMD and the Engine Monitor Display s identical, so that these func-
tions could be combined into a single display, or the functions kept
separate should one of these dual redundant displays fail. The in-
vestigation would determine what parameters should he displayed
and how , as well as processing anti sizing.

b. \-‘ ‘S’1’01 — I~~termine what impact V ~ST( ft. will have on the MN]).
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c. Advisories of HYCOS, Engine Fatigue, anti Fuel Management , as
add ed capabilities to the MMD. Trad e-off against alternative con-
figurations. - -

ti . Display of Mission/Tactic s information , including degraded modes.

e. Display of \VRA/ SRA maintenance information using information from
other systems internal BITE.

f. Systems level preflight checklist anti postflight maintenance te st
instructions.

g. Use of similar hardware (MMD) for armament display .
4/

2. M an—Machine Evaluation

a. Static/Dynamic simulation including flight controls anti realist ic air —
craft responses.

b. AIDS formats in v/ST0L mode. This would include p ilot pertormance
during takeoff and landing.

c. Cockpit geometry will include IIU I )  Fi e ld—of—view , exit pupil ( ( ) f l —

straints , etc.

d. Determination of required update rates.

e. Viewable area and symbology size to prevent c lu t te r .

f. Capacitance tough—t ype switches should he evaluated .

~3. Prototype Development — Develop a prototype of proposed \1~ 1 1). ‘i’ Iie
development cost is estimated to he approximately SSuuN .

1. Flight Test — Evaluate concept in an F—I -I . The MM I) recornmcntk ’d in
this report has many advantage s over the existing (‘A!, and is beta v c - ( t  ( ( 5

represent the least expensive approach to the development an ( i I l ight
evaluation of an MM D.

The evaluations and studies listed above are ~‘ery valuable be -ause the y oh t c i i
- ‘~~t r unforeseen problem areas . The also allow the best solut ion to a given p ro it—

ii in  te he determined before funds are committe ( 1 to design a n t  - or hardware.  ‘I’hc
i s - - t a t -  gained will result in more practical design s , elimination of cost l~ 1’ ( ( i e—

i _ n - . m d  as a result , provide on time deliveries at minimum ost
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Appendix A

MASTER MONITOR DISPLAY SPECIFICATION FOR THE F-14

The following paragraphs define those requirements specific to the
l\-Iaster Monitor Disp lay (MMD) and together with the Avionic Boilerplate
Specification , F-14A-BP-68-1K , form the Design Control Specification
for the MMD. The paragraphs are numbered to indicate the appropriate
place of substitution into the Avionic Boilerplate Specification in order
to form the Design Control Specification for the Mr~-lD.

1. 1 Scope - This specification covers the design, construction , performance
and testing for the 1\Iaster I~-Ionitor Display (MMD) for use on the F-14
Weapon System.

1.2 Title Type Designation (AN

Display, Master Monitor TBD

2 .1. 2 Drawings

GAC : A51A TBD

Figures A-i through A-3 are intended to indicate the tentative form factor
of the Display Unit of the MMD . An electronics unit of dimensions
-1 x 7 x 9 inches , is part of the MMD but will be located remotely froni the
display unit in the aircraft.-

~~~~~~ 
_ _ _
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— 536  — *1

5 0  _________ - -— --— •1

-r -_ _ _ _  _ _

01 W ARNINGS
02 FUELSYS Si
03 CADC “I04 ELEC POWER Si
05 ENG INSTR Si
06 AICS Si
07 HYD SYS ‘1.1
08 ENV CONTR SYS~ J
09 FLT CONTR SYS Si
10 A iRFRAME SYS ~~~

—

11 NAV SYS Si
12 MiSC

100

BFUGHTNLSS

-
‘ 

INCH

HP1L II P~
[7~~~~~J [ ~~~j Et~1

§ ~~~~~~~~~~~~~

— 

Figure A l  MMD Front Face
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Figure A~2 MMD Outline Dimensi onal Drawing (End View )
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MMD SPECIFICATION

3.4 Performance. Unless otherwise specified , values set forth to establish
the requirements for satisfactory performance apply to performance
under both standard and environmental service conditions. When re-
duced performance under the environmental conditions is acceptable ,
tolerances or values setting forth acceptable variations from the per-
formance under the standard conditions will be specified.

3.4. 1 Master Monitor Displ~y. The Master Monitor Display (MMD ) shall per-
form the following under the conditions specified.

NOTE: The Master Caution (MC) light referred to in the steps
which follow shall be located on the Master Caution
Assembly which is independent of the MMD and shall
contain a reset switch which when depressed by the
pilot shall cause the master caution line to be de—
energized.

3. 5 Detail Requirements

3. 5. 1 Modes of Operation

3. 5. 1. 1 Normal - Automatic disp lay of fault and course of action for faults of
the warning or caution categories.

(1) Detection of a fault condition on a warning input shall cause the
following:

(a) Display on the MMD of the warning fault and the prescribed
course of action for the fault.

(2) Detection of a fault condition on a caution inpu t shall cause the
following:

(a) Master Caution Indication

(b) Display on the MMD of the caution fau lt and the prescribed
course of action for the fault.

(3) The fault (Heading) portion of the display shall cancel auto-
matically when the fault no longer exists. The course of action
portion will be cancelled manually by use of the cancel push-
button . 

-—-~~~~~~ -— -— - -~~~ -_ - -- _
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3.5. 1.2 Manual Mode -

3. 5. 1. 2. 1 Means shall be provided to allow manual selection of the following dis-
plays:

• Complete Systems Status indicating total status on a system basis.

(1) Checks (~/ )  shall be used to indicate the status of all systems
or subsystems which contain no fau lt.

(2) Arrows ( .e— ) shall be used to indicat e the status of all systems
or subsystems which contain at least one fault.

• Display of a selected system indicating the status of each subsystem
comprising the selected system .

• Display of all faults contained in a selected system with the respec-
tive courses of action.

• Display of fault history during a mission. This storage shall be non
volatile for power interruptions.

3. 5. 1.2 .2 Systems selection shall be achieved by depression of the appropriate
keyboard digits to match the desired system number. (Ref: Table A-2)

3. 5. L 2.3 Means shall be provided to cancel a display when it is no longer desired.
However , in the event of warning fault s only the course of action portion
can be cancelled. Warning faults remain as long as the fault remains.

3.5.1.2.4 Means shall be provided to cause the display of the next page of mes-
sages which, due to length , require several pages for display of the
complete message. For such messages, any page shall be selectable
by continued depressions of the next page pushbutton , including recy-
cling back to page one after last page of text.

3.5.1.3 Test Mode

Means shall be provided to self-test the MMD upon receipt of an cx-
ternal signal as follows:

ON (Test) +28VDC , 100 ma max.

OFF iN ot Test) Open Circuit

3. ~. L i  l) isplay Pr io r i t y

3.5. 1.4. 1 DIsplay of faults of the warning category (high est pr ior i t y )  shall have
p r i o r i t y  over all other fault category displays.

s-I
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3. 5. 1.4 • 9 Display of faults of the caution category shall have priority over advi-
sory fau lt category displays.

3.5. 1.4.3 In event of display conflict , the display having the higher priority shall
prevail. The other(s) shall be displayed automatically when the highe r
priority fau lt display is cancelled.

3.5. 1.4 .4 Automatic displays resulting from fault detection shall prevail in any
conflict with manually selected displays.

3. 5. 1.4. 5 The simultaneou s occurrence of two or more faults of the same fault
category, shall cause a preview summary listing of these faults with-
out course of action information , below which , each fau lt with course of
action information shall be displayed in page format according to the
provision of this specification.

3.5. 1.4.6 A fault of the same priority occurring while a fault message is d i s—
played , shalt  result in the new fault being added to the display in the
first line which shall be reserved for this  purpose and for the display of
unremoved warning faults. The new message consisting of fault  and
course of action shall be displayed automatically when the exis t ing dis-
play is cancelled.

3. 5. 2 MMD Inputs

3.5. 2.1 The MMD input signal lines listed in (C) shall indicate either ol two
states listed in (a) and (b) below:

(a) Fault (active state) - +28VDC , 10 ma max as defined by i\I !L-STD-
704 , Category B.

(b) No fault (inactive state) - Open Circuit

(c) Brake s (W) ~ Trans/Rect (C) WSIILI) 11(11’ (C)
Bingo (C Wheels (W) All Engaged ~C(
Bleed Duct (C) L (H) Inlet (C) Cabin Press ~~Canopy (C) Inlet Ice (C) Fit i Ivd Press ( U )
L (H) Fire (W) Ladder (C~ Comb J i r d  I~re ssj C)
L (H ) Fuel Low (C) Launch Bar ( C )  Asvm FL -~~l, Lock-

out (C’ )
L (H) Fuel Press (C) 1. (11) Ramps (C) L ~R ) Oil l i n t  ~ (‘)

L (H) Gen (Ct  I (H) N 1 OV~~P (C )
Dxv Low (C) L ( H )  Start  Valve

(W) signifies warning, (C) signifies caution

55   
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3.5.2. 2 The MMD input signal lines listed in (c) shall indicate either of two
states listed in (a) and (b),

(a) No Fault (inactive state): Open Circuit

(b) Fault (active state) : Ground (A/C)

(c) AC LS/AP (C)* Integ Trim (C) L(R) Oil Press (C)
A l-IR S ( C )  Nay Comp (C)
Auto Throt (C) NWS Enga (C)

3. 5. 2. 3 The MMD input signal lines listed in (C) shall indicate either of two
states as defined in (a) and (b):

(a) No fault (inactive state) : +4 . 5 ± 0. 5 VDC

Source impedance: Less than 100 ohms

(b) Fault ‘active state): 0.0 (+0. 5, —0. 0) VDC

Source impedance: can vary from short circuit (zero ohms) to an
open circuit .

(c) Auto Pilot (C) * Pitch Stab 1 (C) Mach Trim ( U t
A/P Ref (C) Pitch Stab 2 (C) Yaw Stab Op (C)
Roll Stab 1 (C) Rudder Auth (C) Yaw Stab Out
Roll Stab 2 (C) Spoilers (C) lIZ Tail Auth ( C

3.5. 2.4 The 1\-IMD input signal lines listed in (c) shall indicate ei ther of two
states as defined in (a) and (b):

(a) No Fault (inactive state): Saturated Transistor (less than 0. 4 \ DC)
10 ma sink.

(b) Fault (active state): Open (cut-off transistor) 25 microamp max .
leakage current.

(C) CAD C (C) *
Glove Vane (C)
Flaps (C)

Reduce Speed (W)

86 
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3. 5.2. 5 The MMD input signal lines listed in (C) shall indicate either of two
states as defined in (a) and (b):

(a) No fault (inactive state) : Ground (A/C)

(b) Fault (active state) : Open circuit

(c) IMU (C)

Wing Sweep (C)

3. 5. 2 . 6 The MMD input line s listed in (c) shall indicate either of two states as
defined in (a) and (b) for two separate inputs:

Input 1 -

(a) No fault (Inactive state): Saturated transistor to ground (less than
0.4 VDC)

(b) Fault (active state): Open (cut-off transistor) 25 microanips max
leakage current

Input 2

(a) No fault (inactive state) : A/C ground through
switch contacts

(b) Fau lt (active state): Open

(c) Wing Sweep (W)
— 

3. 5.2. 7 Additional Input Signals

3. 5.2.7. 1 Dimming - One line : An external signal shall be supplied to define
normal/dim light conditions as follows:

(1) Normal: Open Circu it

(2) Dim: +28VDC , 100 ma max per l’sllL-STD 704 Cat B

3. 5. 2. 7.2 Test - One Line: An external signal shall be supplied to define the
ON/OFF Test Mode as follows:

ON (Test): -i-28VDC , 100 ma max per I~-ITL-STD-7 04 , Cat B

OFF (Not Test): Open Circuit

3. 5.2.7. 3 Master Caution Reset - One Line: An external signal shall be supplied
to define the master caution reset function as follows:

Normal: Open Circuit
Reset: A/C Ground , 10 ma max

87 
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3.5.2.7.4 Input Source Fault Isolation - Loss of any electrical signal due to an
open or short to ground on an input shall not cause any component , as-
sembly, or subassembly to fail , or cause a degradation in the perfor-
mance regardless of the mode or length of time that the input signal is
missing from the display equipment. Input signals directly derived from
a power source shall be protected from damage due to transient s present
on the power source.

3.5. 3 MMD Outputs

3.5.3. 1 MMD Output-s are defined in Table I and shall be displayed according
to the provisions of Sections 3. 4 and 3.5 of this specification. Display
shall show fault and the prescribed course of action in page format . In -

event several pages are required to complete the message , this shall
be indicated by use of the caption “Cont’d Next Page” at the bottom of
each page as appropriate. Each page of a message shall indicate the
fault portion of the message within the requirements of Para. 3. 5. 1.

3.5.3.2 Display Characteristics

Visibility, legibility, character size and spacing, and line spacing shall
conform to 1\-HL-STD-1472B.

3.5.3.3 Switching Time — The switching time shall be no greater than 750 milli-
seconds to switch to (or from) one stabilized mode to another after a
discrete switching signal is received.

3. 5. 3. 4 Brightness Control - A manual brightness control shall be provided.
CW rotation shall provide increased brightness.

3.5.3.5 Disp lay Operation Under Power Transients - The display equipment
shall automatically return to full operation as specified herein within
1.0 second after complete loss of aircraft power for up to 50 msec.
maximum.

3. 5.3. 5. 1 Display Operation Under Power Transients - The disi lav equipment shall
meet the requirements of this specification when operating within the
norma[ electrical system transient environment caused by load switching,
etc.

3.5. 3.6 Display Noise - No noi se shall appear on the display CR1’ at any bright-
ness or contrast level when the input Z axis t e rmina l s  of the indicator
are bridged by the normal inpu t impedance and no video signals are
applied.

3 .5.3.7 Protection Circuits - ‘I he CR1’ shall be prot ected from burn spots clue
to loss of sweeps or loss of critical power supply voltages. Secondary
failure of the phosphor shall be prevented when any other pr imary cir-
cuit failure occurs. Special phosphor protect c i rcu i t ry  shall be in-
corporated in the equipment to prevent excessive phosphor element

5-s 
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dwell time which would cause phosphor burn. The High Voltage Power
Supply shal l be protected aga inst transient arc over at the CRT.

3.5.3.8 CRT Controls - There shall be no need for any remote CRT controls
accessible to the display operator during normal operations except
brightness.

3. 5.3.9 Alignments/Adjustments - The equipment shall meet the requirements
with the replacement of any assembly/subassembly without aligrtments/
adjustments except those display controls defined in this specification .

3. 5.3. 10 Subassembly Failure Modes - No subassembly of this M It-ID shall cause a
secondary failure of another subassembly of this system in the event of
its failure. CRT arcing, while a normal operational condition , shall
not cause secondary failures of assemblies or subassemblies nor shall
the arc cause transients to be propogated beyond the CRT subassembly .
Normal operation shall resume automatically with no loss in equipment
reliability upon cessation of the arc.

3.5.3. 11 Display Size - Each indicator shall provide a CHT display with a usable
viewing area of 4 inche s by 5 inche s ± 10~~.

3. 5.3. 12 Brightness - Display brightness shall be continuously variable , by use
of the manual brightness contro l, fro m maximum CRT brightness to
barely percept ible under complete ambient black-out conditions. The
indicator (with the day filter installed) shall produce a display of such
brightness that all symbols will be easily discernible under a natural
daylight ambient illumination of 12, 000 ft- L ambert s without the aid of
hood or shade. All brightness/contrast readings shall be measured with
a standard spot photometer with the display being operated in the normal
scan rates and size as specified herein. Phosphor type and color shall
be approved by the Contracting Agency.

3. 5.3. 13 Cathode Ray Tube - Cathode ra tube (5) (CRTs) used as component s of
the display unit shall be high-intensity/high re solution CHTs with the
following characteristics:

(a) Phosphor - the phosphor shall be chosen on the basis of optimu m
clarity and contrast for the projected di splay . In choosing the
phosphor , consideration should be given to spectral distribution of
the fluorescence and phosphorescence, persistence, background and
image brightness, and sensitivity of the phosphor to burn at operat-
ing voltage and operating cycle time. Selection shall be such as to
meet all brightness, contrast and resolution requirements specified
herein as well as the spectral requirements of both clay and night
filters.

(b) Persistence - Tube persistence shall be such that neither stickiness
or flicker of the disp lay shall be perceptible to a normal human eye
directly or under peripheral vision at conditions of bright day light
or night ambient illumination. - 

-
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- - (c) Burn Spots - Criteria for CRT burn spots shall be as follows:

(1) Browning of Phosphor - If tube passes light outpu t require-
ments of the Acceptance Test procedures at the four point s
deemed most browned by the display of fixed symbology or
age, it is acceptable.

(2) If the tube has the following quantity of burn spots , or less , it
is acceptable; (burn ideally should be measured with tube off) .

(a) Five (5) or less non—elongated spot s on the CR1’ which are
between 0.010 and 0. 015 inches in diameter wi th  greater
than 0. 25 inch separation will be acceptable.

Non-elongated spots/elongated spots (lines) whose diam-
eters/widths are less than 0. 010 inche s on the CWI’ are
acceptable (no limit on quantity) .

(b) Elongated burn spots/lines which are less than 0. 010 inche s
wide on the CRT are acceptable (no limit on quant i t y) .

(C) Elongated burn spots/lines up to 0. 015 inche s wide , and a
maximum of 0. 250 inche s long are acceptable providing
that there are no more than (1) on th e CiT .

(d) Elongated burn spots/lines greater than 0. 015 inches wide
and 0.250 inches long are not acceptable.

(d) Magnetic Shielding - A suitable MU-metal or equivalent magnetic
shield should be installed around each CiT to preven t deflection of
the electron beam due to magnetic fields caused by the Earth ’ s
magnetic effect or by other electrical equipment in the aircraft .

3.5.3.14 A suitable filter (day filter) shall be incorporated over the CR1 face to
enhance the contrast ratio and permit readability under condition s of high
ambient lighting.

3. 5.4 Physical Requirements

3.5.4.1 Overall dimensions shall not exceed:

Display Unit

Length 10 inches
Width 5 3/4 inches
Depth ~ inches
Weight ‘I’BD (l\ I ax at this ti me appears to 1w 12 ibs)

90
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Electronics Unit

Length 9 inches
Width 7 inches
Depth 4 inches

Weight 10 pounds max

Total power for both units will be approximately 300 watts.

(Tables A-i and A-2 follow and form part of this Specification)

91
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TABLE A l MMD INPUTS VS OUTPUTS (CONT t)~

~

o n_
~

r)r) r) r) & r) r) ~

& & ~~ MMD
C’ C~ Outputs

X x Remote Warning Indication
X X X  X X  X X X  X Master Caution

X ACLS/AP Disengaged
1. Take Control Land Manually

X AHRS/Compass Controller Failure
1. Use INS IMU
2. Avoid IFA FIt if INS-lMlJ not Avail .

X Auto Pilot Failure
1. Check A/P Mode F~,ilure
2. Recycle A/P Engage

X Auto Throttle Disengaged
1. Assume Manual/Boost Control
2. Satisfy APC Interl ocks
3 Reengage APC Auto

X Brakes
1. Anti Skid - Off
2. Caution-Modulate Brakes
3. Release Emergency Brake

x A/P Ref Not Engaged
1. Depress Ref Engage Button

x Bingo
1. Fuel Remaining is Reqd to Return to Base

X Bleed Duct
1. Air Source Off
2. Ram Air-Increase 1< 300 KIAS/O.8 IMN)
3. Land-ASAP

X CADC Failure
1. Master Reset-Depress — If Fault Remains
2. Remain Below 1.5 IMN

X Canopy Unlocked
1. Canopy Handle-Boost Close
2. Visors/Seats-Down
3. Stay Below 200 KIAS/ 15 ,000 Ft
4 . Land ASAP

x 1(R) Fire
1. Throttle Affected Engine Idle
2 Air Source - Off
3. If Fault Goes Away-Check Fire Det Sys

If Fault Remains or Fails Fire Del Te st
4. Throttle Affected Engine-Off
5. Fuel Shutoff Affected Engine/Pull
6. Land ASAP
1. If Fire Persists - Eject

92
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TABLE A-i MMD INPUTS VS OUTPUTS (CONT’D)
IO C ~~~~r~~~~ i-~~~i-
“
~~~~ o C ) C) m~~’-n ”~4
! r~~ ~

~ ~~~m O 0
m

~
- MMD Inputs

010 _~o o o o o o  ~
C., ‘V

C•)
C

MMD
Cs

Outputs

X X X X X X X X X Remote Warning Indication
Master Caution

X X 1(R) Fuel Low
1. Dump Switch-ott
2. Fuel Distribution -Check-Balance
If Wing/Ext Fuel Remains:
3. Wing/Ext Trans Switch-Or ide

X I (A) Fuel Press.
1. No A/B Above 15,000 Ft on Affected Engine
2. Fuel Distribut ion-Monitor/Balance
3. Land ASAP
It BothL&R Faults Occur
1. Descend to ’~- 25,000 Ft
2. Maintain Cruise Power or Less
3. Land ASAP

X X  L( R) Qen Off Line
1. Affecte d Gen-Otf/Re set , Then Norm
If Fault Remains:
2. Affected Gen Test
Fault Goes Away- D ist r  Sys Problem
Fault Remains IDG/GCU Problem
If Both L&R Gen Faults Occur
1. Genei ato rs - Cycle
If Temp Loss ot Comb Press. Causes
Emerg Gen to Drop Buss 2
2. Emerg Gen-Cycle
3. Land ASAP

X Glove Vane
1. Check Hyd Pressure
2. Maneuver Devices-Retract
3. Master Reset Depress

X Oxygen Low
1. Cabin Alt ~~. 10,000 Ft
2. Mask-Ott
3. Oxy Switch Off
4 . Oxy and Mask on For Landing

X HZ Tail Auth
1. Master Reset-Depress (10 Sec)
2. > 400 KIAS , Restrict Lateral Contro l to ‘, Throw
3. No Oversweep on Deck
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TA BLE A-i MMD INPUTS VS OUTPUTS (CONT D)

~

a. a. a. a. a. a.
MMD
Inputs

f l O f l n r ’- f l 0 ~~

C 
~~

~~~~ c o oo o o~~ ~
‘V MMD

Cs Ci Outputs

X X Remote Warning Indication
X X X  X X X  X Maste r Caulion

MMD Fault & Course of Action
X Reduce Speed

I Di cel t o • - 280 KIAS
2 Chick F I.e t—t a , r & t l , -  0
3 Mast,’, R,’s,’t Dip ,‘~s ! h - i  Repeat Cnr,I

X X X X Roll/Pitch Stab I or 2 Failure
1 Cycl,’ App iii, i t -  Stat , Aiej S~v

No Co, A r  i i  i i  L i r t l i t a t i t i r i s
If Both 1 & 2 Roll/Pitch Stab. Faults Occur

1 A r  s~ i i i  1) c , l  to Stat ,  Lim i t - .
h Nor R ’ t  ii t i -il

Roll 093  M N
2 ~~~ i t  10 S i  to , s i t  r - . r
3 R, li ck Faults

It One Fau l t  I t  ~ii 71 (u -5 Awa~ Reset St . , i  A u 9  N- i I
It Both F ault s (1 & 21 Ri’ i rr,iurr .

1 Leave Stab A ie4 Ot t
2 . Stay Bi low Sta t ,  Li m its

W amr i ur i q  Do Not Erig aqe ACLS or DLC
X Rudder Auth

1 Reduce A u r s p i- it Use Catinoir in Huddi , P u 1
Wh i Ii’ it H gb Air sp. i’d

2 Mast , , R,’sr’t Depress 10 Sec
3 It Fault Herr,,,, is - I nut Rudder Ah oy,’ 250 Ic I AS to ‘ - 10
-2 Laru,ti , iq Puiss lil - Lun,it i’d Rurlu li r & NWS

X Spoilers
1 Nes it, ahze Lab ia l  Co ntrol
2. Mast i i  H ,tsi ’t Depress

I t  Fault Ri’ i r rarns
3 Avoide Abr upt Late ral Control & High R u t  I R,,t us

Wa iir i nq With Wi ngs Fo,waid of 57 - I x i I s~~ v r  th in .’
Tail  D i t t e re r u t ia l  May Cause Sev ,’ii’ Sir 11,-to , il D,iirr,iqi’

X Trans/Rect Failure
No Cre w Act ion

X Wheels Not Down
L owe, Landing G,’am
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TABLE A-i MMD INPUTS VS OUTPUTS (CONT D)

//
~//

/1

MMD /
Inputs /

I MMD
/ Output s

Remote Warning lnducai ,on
- X X X X X X X X X X X Master Caution

MMD Fault & Course of Action
X Int eg Trim Failure - Use Manual Trim

X X X X L IRI Inlet &/or 1(R) Ramp
1 D ci- t o ’ -~0 9 l M N
2 A~ u~ 11 Abrupt T h o l t .  \ lo t r ’rei ut - .
3 Stow At lect ed Ranri)
4 In let Ramp Auto

i It Ramp Fault  Ri -rn ,, rrs
5 Ch - c k b r  Ehyd F , l u ’
Notr-  R ,urrrp Blow Back S E n h a n ced by M

P0u - a t  200 KIAS R ,urr i j r  i i & by tu lle
- it 085  RuIN IRa runti  31 ~‘, rh l n n ! r:t Sw i t ch

ri A _ t i ,
ii T h n , , t t i -  Bad F riqint.l 80. or Les s
7 Larr ul ASAP
It A T T E M P T I N G  A ICS R E S E T  I Inlet Fau l t  Ouu~~ I
8 0,-ci t to - 0 5 I MN
9 At 1,-i t -il R ,u r nm t i  Siou~

10 A l l - i t -il AICS CB C~~
- - - L f 2 0 ,  L621

I W ,ur i i i iq It Caution Wi ng Sweep I,iult us
P - o r C t u  l out Right A ICS GB May Cau,su-
i~i

h i ru i l  to Swu - , - 1 r
1 1  n I ,  I R,,i,i1r Auto
1 .  II Ii,l’’t I,iuilt 15, r,r _ i , n i s  Sr,,y 09  IMN

X lolc i Ice
I Aunt  li- i - Sw iR l ,  Or iii,’I 2 Whi r, Cli ,,, of Ic in g Corel . S i r - i t  Au to

X Ladder Untatched
1 A ~,s1,,’,il Min i i r mnuu ,m r
2 A u r l m o n n n r - V is i I~l, rn - ni n - i I i o I l  i t F u- ~~- , u l i I - -

3 l ord ASAI’
X Laun ch Bai

On I ru n u u n n i t  t ,uk , A1 1ri m ini ra t , - A r
In F lig ht Do Not Hit r dci Lau d, ng Gu ,ur
I. u r rI ASA P

X Mach Trim
1 Mas t , ,  Rn’su ’t On’~ur i - s s

2 Us,’ M,,nruu,,l h u m
X Nay Computer Failure

1 Switch u m  IMU INI (II
X NWS Engaged

I t  NWS is N u t  1 s in ’, I l ) i - l i i r - ’ , Hur r u ,r r

L — . j i nn St in k , isu ’niqau i,’ WS 
— —
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TABLE A-i MMD INPUTS VS OUTPUTS (CONVD)

>~~~~~~~~r~~~~r- ~~~i-
2 o Q o g~~~~.3~~00

~y 0 0 — — < <

MMD
~~- Inputs

0 0 0 0 0 0 0  0 0
O C) O C) C) 0 C )  C) C•)

‘V

r~a e ~
~ a a ~~ 0~ ~~C < C C C  C C —-
a > > a a a a  ao ,

~5 Cs Cs Cs Cs Cs Cs MMD
Outputs

Remote Warning Indication
x x x x  x X X X X Master Cauti on

X x  L (R) N1OVSP

1. Throt Affected Engine ’ Idle
2. ~ ollhe Position - Check
3. Avoid Hi Power-Settungs
4 . Land ASAP

X X  L IR) St Valve
If Airborne
1~~Air Source ’ Off
2. Eng Crank Sw - Oft
3. If Fault remauns - Land ASAP
4. It fault goes away, Air Source - Both
5. Land ASAP

Caution: W ith Aur Source Oft , St ay
Below 300 KIAS/O.8 IMN

If On Deck
t . Air Source - Off
2. Throt - Affected Engine - Oft

X X  L( R) Oil Hot
I. Throttle Affected Engine - As Hugh Fuel

Flow as Practical
2. Induce Slight Left Sudes lip (R Rudder)
3. If Fault Remains After I Mm , Throttle-Oft
4 . Land ASAP
5. Relight Engine for Ldg it Necessary

X x I (A) Oil Press. Low (Affected Engine)
1. Oil Press. 40 PSI at MIL , Throttle Idle
2. Oul Press. 35 PSI at Idle , or Engine

Vibration , Throttle Off
3, If Shutdown Not Feasub le , Set 78% RPM
4. Avoid High G or Large Throttle Movements
5. Land ASAP

X AR I Engaged
Disengage if Not Desi ied
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N ADC— 77076—30

TABLE A-i MMD INPUTS VS OUTPUTS (CONT’D)

cn cn~~;~Cs 0 00
r 00

MMD Inputs
C,
~~~~~~~

c >  a a ~

~ oo~~ >
MMD Outputs

Remote Warning Indication
X X X X X Master Caution

MMD Fault & Course of Action
X Windshield Hot

1. Wsh (d Switch - Off
2. Air Source - Off (Below 35,000 Ft)

If Fault Remains After Air Source is Off ,
Indication is Faulty . Turn ECS on &
Land ASAP

3. Ram Air - INCA (< 300 KIAS /0.8 IMN)
4. Land ASAP

X Yaw Stab. OP
1. Master Reset - Depress
2. If Fault Remains , Stay Below 0.93 IMN

X YAW ST AB. OUT
1. Yaw Stab. . Of f
2. Master Reset - Depress

If Fault Goes Away - Reengage Yaw Stab.
If Fault Remains - Stay Below 0.93 IMN

X IMU Failed (NFO)
1. Switch to AHRS

X Cabin Press. (NFO)
1. Oxy Mask - ON
2. Cycle Press. Switch
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NADC — 77076—30

TABLE A-i MMD INPUTS VS OUTPUTS (CONT’D~

ran .a l>
MMD

~~ ~
‘ ,“ Outputs

Remote Warning Indication
X X Master Caution

X FIt Hyd Press Low
It App ums 2100 PSI

- W in ,9 Sweep 20
2, Right Ramp I- - 0.9 IMNI Stow
3 Eme,g Fit Hyd Hugh (Just Prior to Dir ty-Up)

Eguu 9 n loop: Normal Hook Resioued by WOW
4 Land ASAP

Note - Arrested Landing Requires Emerg Hook Ext
It Appuox 0 PSI

1 Bu Direct Pump OFF
2, Wing Sweep - 20~3, Er,”nq FIt Hyd Sw - Hrgh (Just Prior to Dirty-Up)
4 . Equip loop- R Glove Vane . ACLS , A AICS. and Norm Hook

(Restored by W OW)
5, Land ASAP

NOTE: Arrested Ldg Requires Emerg Hook Ext
Comb Hyd Press. Low

If App, ox 2100 PSI
X 1, Hyd (sot FIt

NOTE Monitor Aux Brks Gage , Tap Wheel Brake to Seat Priority
Valve i f  Press, ns Decreasing

2, Wing Sweep - 20’
3. Let Ramp I-~ 0.9 IMN) - Stow
4 , Equupt loop - None
5, Emerg FIt Hyd High IJust Prior to Dirty-Up)
6, Land ASAP

If Appmox 0 PSI
1 Bu Direct Pump - Ott

2. W i ng  Sw - 20~3. Equip loop: L AICS , I Glove Vane , Emerg Gen, Aux Ftaps ,
lnbd Spoilers , NWS , Gun Drive , DLC , Spd Br ks , Norm Hook ,
Hook Extend , Flaps/Slats , Ldg Gear . Wheel Brakes , Refuel Probe ’

- Emerg Actuation Available
4 4 , Emerg FIt Hyd - High (Just Prior to Dirty-Up )

5. Wheels - Emerg DN
6. Flaps/Stats - ON (No Aux Flap)
7, Hook Emerg ON
8. Brake Hand Pump Check
9. Anti Sknd/Spouleu Bk - Spoiler Bk (Off fo m CVA)

10. Arrest Land ASAP
After Landing:

11, Engines Oft
‘
I Stay in Arresting Gear
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NADC— 77 07(;—3 0

TABLE A-i MMD INPUTS VS OUTPUTS ~CONT D)

_

Remote Warning Indication
X Master Caution

MMD Fault & Course of Action
X Flap/Slat Malfunction

After Raising Handle-Flaps /Stats Not Indicating UI)
1. Remain below 225 KIAS
2. Master Reset-Depne vs
3. Maneuver Flap Thumbwheel - Full Forwa rd
It Fault Remains
4 , F LAP Hand le-Emerg Up
A f t e r  Raising Flap Hand)e- F)aps/Slats Indicate Up
I Remain Below 225 KIAS
2. Ma sten Reset - Depress
3, Maneuver Flap Thumbwheel-FuII Forward
If Fault Remains:
4 . Flaps - Cycle
If Flaps Respond:
5. Maste r Reset- Dinpress
If Fault Remains ,
6. Attempt to Sweep Wings to 25° ( Manual Model,
If Wings Will Not Sweep Aft of 20. Both Aux F)aps are not
Ri’t mact ,’c l & Limit Switches Are Not Made:
7. Remain Below 0,7 (MN (Maneuver Flaps & Auto Retiact

May be Inoperative)
If Wings Will Sweep Aft of 20° :
8. Accelerate to 300 KIAS.
9. Attempt Wing Sweep Aft of 50° ( Manual Mode),
If Wings Will Not Sweep Aft of 50°, Main Flaps Are Not Fully
Retracted :

10. F LAP Handle-Emerg Up
1 1 ,  Reattempt to Sweep Wings Aft of 50

It Wings Still Will Not Sweep Aft of 50° :
12, Remain Below 0.8 IMN.

Note

It wm nqs sweep aft of 50 ’ 
- a i rcraf t

f l ig ht envelope is unrestricted. Man
euvini tta ps & auto retract may be
nope rat n Yin

Aft e r Lowt ’uunq Flap Handle - Flap/Slats Not Indicated Down) :
1 F LAP Handle Emi’rg Down
After Lowering Flap Handle Flap/Slat Indicating Down’
1 , Wing Sweep-Check at 20’

( Allow 10 Sec ton Auxil iary Flaps to Extend)
2 Mj ster Reset - Di,pness
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TABLE A-i MMD INPUTS VS OUTPUTS (CONT’D)

MMD
— Inputs 

/

V
V

MMD
Outputs

Remote Warning Indication
X X Master Caution

MMD Fault & Course of Action
X Flap/Slat Malfunction

If Fault Rem,uinns ’
3. Noimal Lani,l nng

None
Flap light may be caused by fai lure of
auxi l iary flaps to exte nd , increasing approach
spee d approximately 5 knots

Atter  Using Maneuvenu ing Devices
1. Maste, Reset Depress
2. Maneuveninsq F lap T l’miambiuahesl - Full Foiwarct

tf FLAP Fault Remains:
3. FLAP Handle - Emeng Up
If Flaps Indicate Up:
4 , Wing Sweep - Aft of 50 (manual model
If W ui rgs Wil l  Nor Sweep Aft of 50’
5. Remain Below 0.8 IMN

Note
If wings wi l l  s weep af t  of 50 , a i rcra f t  f l ig ht
envelope us uunresr ructe d , Maneuve r flaps and
auto re t rac t  wil l  be inoperative,

X ASYMMETRY FLAP/SLAT LOCKOUT
War n in g

Asym m etric flap extension can produce an uncontrollable roll ing moment
The fo l lowi ng procedures defeat tIme designed asymnr etry piotect ,oun a,rd
t henefo ,e should be used when a shipboard land,,rg us the onl y a l ternat ive
and f lap extension us requnied to remain within arrest ing geai l imits

- Airspeed - Maun i rann Less Than 225 KIAS
2. Moun rra u n , Wun m gs Level Flnght
3, Ass Flap-Flap Coot, CB NFO PUll l7G3l

Warning
Failure to puu il the AUX FLAP/FLAP CONTR cb betoui ’ completing tin ’
followi n g steps may result in an uncontrollable pitch t r im change do.’
to auxil iary t lap extension o, retraction -
4 . Flap Handle Corresponding to lnducatoi

Caution
Placin g the FLAP handle in either the fs i l l extend inn ,mn t ,a ct  positron , nray
result in damage brrcas isr’ the ove itnavel switch w ill be disabled
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TABLE A-i MMD INPUTS VS OUTPUTS (CONT’D)

~l

5um

MMD
5’ Inputs0 - c s

C)~~
1 C) C)~~~~0 0 ’ D C -

0. 0 0.  ne

°
~~~~ ~~~~~~ 7 MMD

,Z~ Outputs

I X X Remote Warning Indication
X X Master Caution

MMD Fault & Course of Actson
x Asymmetry Flap/Slap Lockout (Cont ’d)

5. Flap/Slat Co mmtr Shutoff CB - Cycle IRE2I
6. Slowly Move Flap Handle Toward Desired Position
If Flaps/Slats Respond , Nuisance Lockout Has Been Eliminated
7, Aux Flap/Flap Contr CB - NFO Reset l7G3l
8. Master Reset - Depress
If Flaps/Slats Do Not Respond:
7. Repos ition Flap Handle to Match Indicator
8. Flap/Slat Contr Shutoff CB - Pull IRE2I
9. Slowly Move Flap Handle Toward Desired Position
If Ai rcraf t  Rolls:

10. Move Flap/Slats Back to Where No Rolling Exists
It Auncraf t  Does Not Roll:

10. Stop Flap/Slat Travel Before Reaching Full Up or Full Down
Caution

With the Flap/Slat Con,tr Shutoff CB Pulled.
No Overtrave l Protection for the Flap/Slats Exists

11. Flap/Slat Coirti Shutoff CB - Reset IRE2I
12. Land Uti l iz ing 15 Units AOA

X Wing Sweep
1. Master Reset - Depress
2. It Fault Remains . One Channel Has Failed

x x Wing Sweep - Both Ch Failed
No Auto/Man , Control
1 Airspeed - Decel to ‘-~ 0.9 (MN
2. Check Spider Detent Engaged
3. Master Reset - Depress

Wait 15 Sec - It Warn Indication Remains
4 . Wing Sweep CB 121 - Pull lWg Sw Drive No 1 & 2 , L E t  - LE2 I
5. Emerg Wing Sweep Handle - Compl y Wi th :

~~0 4 t M N  20’
‘-.. 0.7 MN 25

0.8 (MN 50

~
.. 0.9 (MN 60°

0.9 IMN 68
Caution - Avoid ACM & Aerobatics

- Before Ldg Use Flap Oventravel Po sutn o r m
To Insure Flaps Remain Full y Extended
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TABLE A-2 CATEGORIZATION OF FAULTS BY SYSTEM

01 Warning Sys 08 Environ Contr Sys

L (R) Fire 1W) Bleed Duct (C)
Wing Sweep (W( Oxy Low (C)
Wheels (W I Cabin Press (C)
Reduce Speed (W I 09 FIt Contr Sys
Brakes (W)

Rudder Auth (Cl
02 Fuel Sys Spoilers (Cl

L (R) Fuel Low (C) Au to Pilot IC)
L (RO Fue l  Press (C) Yaw Stab Op (Cl
Bingo IC) Yaw Stab. Out (C)

Pitch Stab 1 (2) (Cl03 CAD ~~ Roll Stab 1 (2) (C)
CADC (C( Hz Tail Auth (C)
Flaps (C) Mach Trim (Cl
Asym Fl/SI Lockout (C) A/P Ref (Cl
G love V ane ( C ) ACLS/AP (Cl
Wing Sweep (C) -10 Airframe Sys

04 Elect. Power
Ladder (Cl

L (A )  Gen Launch Bar (C)
Trans/Rect I 

Canopy (C)
05 Eng. lnstr. NWS Engaged (C)

L (R) N. OVSP (C) 
11 Nay Sys

L (RI Strt Valve (C)
L (R) Oil Hot (C) Nay Comp (C)

L (Rt 01) Press (C) AHAS (C)

06 AICS Svs -12 Musc Sys
L (R) Ramps (C)
L (A) Inlet (C) (nteg T r u m  ( C )

07 Hyd 5y~ 
Wsh ld Hot (C)
Inlet Ice IC)

FIt Hyd Press (C) Auto Throt (C)
Comb Hyd Press (C)
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Page l of I&9
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S P E C I F I C A T I O N  Release Date lt. Sept. 1-j,’l.

Superseding F_ 114A_BP..68_ 1J ,
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AVI ONIC BOILER PLATE AN/ ( *)

DESIGN CONTROL SPECIFICATION FOR

F-114 WEAPON SYSTE~4
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( ;R L \1\1 .~~ AEROSPACE (X)RPORA’I’IO~
Bethptige. L I~. N. Y.
Code Idene, No. 26512 

-

S P E C I F I C A T I O N

No. F 1 14A BP 68 1K

AVIONIC BOILER PLATE AN/ (* )

DESIGN CON TROL SPECIFICATION FOR

F-l1~ WEAPON SYSTEM

1 SCOPE

1.1 Scope. —

1.2 ClassifIcation. — The et,uioment covered by this spec i-
fication shall meet the requirements of Strecification MIL—F.—51s00 for Class 2
equipment excer t as modified herein. The equinment shall consist of the
fol 1owirt~ :

Ti tle Tfl-ne_Desip-nat ion (~~N )  Para.

Associated Equinment.  — The (name of eoulriment.) sh~ 1l
orerate with the associated ~u,uinrtient listed in 6.8.

Eng 200.3 ¶ 6 6

2
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Code Ideni. No. 26512

S P E C I F I C A T I O N

No. F-1l~A-BP-68-1K

2 APPLICABLE DOCUMENT S

2.1 Selection of Specifications and Standards. - Applicable
publications shall be those contained in the LIST OF SPECIFICATIONS AND
STANDARDS (Book Form) approved by the NAVAL AIR SYST~~1S COMMA1u~D, NAVAIR
OO-25_ 5 1~~, dated October 1966; other specifications in the 1vk~terial s and
Processing areas shall be those contained in the LIST OF SPECIFICATIONS
AND STANDARDS (Book Fo rm ) approved by the NAVAL AIR SYST~ dS COMMANG ,
NAVAIR OO~ 25_ 5 14.1~, dated May 1968 ; and the LIST OF STANDARD DRAWINGS used by
the NAVAL AIR SYSTE~iIS COMMAN D , NAVAIR OO-25-5t 43 , dated March 1967 . (Yther
applicable publications not contained in the above lists shall be the
issue in effect on 1 May l9s~8, except as noted herein. All standards and
specifications other than those established f~r use by the NAVAL AIR SYST~ 4S
COMMAND must be approved by the procuring activity prior to use as a part of
this specification. When approved by the procuring activity, the seller may
elect to use later issues of Goverrunent Docum ents when such effectivity
results in an improvement in the state-of-the-art , material, processes, or
resulting end item.

2.1,1 General. - The follow-ing documents of the exact issue
shown form a part of this specification to the extent specified herein~

SPECIFICATIONS

Military

MIL-C-172B-2 Cases; Bases , Mounting; and Mounts
Supplement lC Vibration (for use with Electronic

Equipment in Aircraft)

MIL-C-675A-2 Coat ing of ~lass Optica.l Ei einent s
(Anti -Reflection)

MIL-B-5O87B(ASG) Bonding, Electrical and l ightning
Protect ion , for Aerospace Systems

MIL-W-5088C(ASG) Wiring; Aircraft, Installation of

MIL-E-5272C(ASG)-l Environmental Testing , Aeronaut ical
and Assoc iated Equipment , - eneral
Specificat ion for

I Il .~uii i 1 kes II / 2
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G R U M M A N  AEROSPACE CORPORATION
Bethp.~e, L 1., N, Y.
Code Idenc, No, 265 1 2

S P E C I F I C A T I O N
No. F—l~4A-BP—68—lK

2.1.1 (C ontinued)

MIL-.E—51400H Electronic Equipment , Aircraft,
General Specification for

MIL—T-51422E(ASG)—2 Testing, Environmental, Aircraft
Electronic Equipment

MIL-.I—~l81D Interference Control Requirements,
Aircraft Equipment

MIL..C—6781B(ASG) Control Panel Aircraft Equipment Rack
or Console Mounted ASG

MIL—P—7788D Panels, Information, Integrally Illuminated
(see QPL—7788)

MIL—M— 77 93C—1 Meter , Time Totalizing
Supp lement 1

MIL-C—8779B(WEP)—l Colors , In terior , Airc raft , Requi rements for

MIL—T—18303A(WEP) Test Procedures ; Preproductiori and
Inspection , for Aircraft Electronic
Equipment , Format for

MIL—N— 1830 7C( .ASG)— 3 Nomenclatur e and Nameplates for Aero-
nautical Electronic and Associated Equipment

MIL-P-23377B—l Primer Coating, Epoxy Polyaniide
Chemical and Solvent Resistant

MIL—C—261482D Connectors , Electric , Circular ,
Miniat ure , Quick Disconnect

MIL—S—38130A System Safety Engineering of Systems and
Associated Subsystems and Equipment ;
General Requirements for

MI L—R .--146855 Human Engineering Requirements for
Military Systems , Equ ipment and
Facilities

Eng 200,3 5-456
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GRUMMAN 1 .~~L~J ~~~~~~~~~~~~~~ ~~~

Code Ident No 26S 12

S P E C I F I C A T I O N
No. F_ lL~A-BP-68-lK

I

2 .1.1 (Cont inued)

MIL-L-8l352(AS ) -l Lacquer; Acrylic (For Naval Weapons)

MIL-C-OO81511D Connector, Electric Circular High
Density Quick Disconnect , Environment
Resisting, Specification for

Naval Air Syst ems Command

AR-5A Microelectronic Devices Used in Avionics
Equipment, Procedures for Selection and
Approval of

STANDARDS

Federal

FED-STD-595 Colors

Military

MIL-STD-2O2C Test Method for Electronic and
Notice 2 Electric Component Parts

MIL-STD-~451~A Standard General Requirements for
Electronic Equipment

MIL-STD-1~7l Maintainability Demonstration

MIL-STD-7O~4A Electric Power , Aircraft Characteristics
and Utilization of

10  20(1 1 Rev 1 1 - 7 2
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Code Idene. No. 26512

S P E C I F I C A T I O N
No. F-14A-BP-68-1K

2.1.1 (Continued)

Military

MIL-STD-78lA Reliability Tests -Exponential fist ribut ion

MIL-STD-81OB Environmental Test Method for
Aerospace and Ground Equipment

MS17322 Rev. C Meter , Time Totalizing, Miniature
Digital , 115 Volt, 400 Hz

MS25271(ASG) Rev. C Relay, 10 Amp. 4 PDT Class B-8
Sealed , with Solder Hooks

HANDBOOKS

Military

MIL-HDBK-5A Metallic Materials and Elements for
and Change 1 Aerospace Vehicle Structure

MIL-HDBK-23 Composite Construction for Flight
and Change 1, Part I Vehicles , Part I - Fabrication,

Inspection , Durability and Repair

Part II Sandwich Construction for Aircraft, Part II

Part III Composite Construction for Flight Vehicles,
Part III - Design Procedures

PHBLICAT ION S

~Ail-l}\ 00-25-543 List of Standard Drawings
dated March 1967

;;AVAIR 00-25-544 List of Spec ifications and Standards
dated Octobe r 1966
and May l) i~

I ( 1 2t (4 ~ I Rt ’t I I  72 
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Code Ident. No. 26512

S P E C I F I C A T I O N

No. F-l4A-BP-68-lK

2.1.2 Grumm an. - The following documents of the issue in
effect at the time of invitation to bid form a part of this specification to
the extent specified herein:

SPECIFICATIONS

A51CSTO1O Thermal Requirement s for Sellers ,
General Specification for F_ ll4A Weapon
System Avionics

A51CSHO11 Human Factors Requirements for
Sellers, General Specification for
F-l4 Weapon System

*A5lCSWOl2 Weight Control Requirements for Sellers,
General Specification for F_ll4A Weapon System

A51CSMO13 Maintainability Program Requirements
for Sellers , Avionics, General Specification
for F-l4A Weapon System

A51CSEO16 Eaectroniagnetic Interference Cont rol
Requirement s for Sellers , General
Specification for F-l4A Weapo n System

Ar 1C~~R~~17 Reliability Program Requirements for
Sellers , General Specification for
F-l1iA Weapon System

A5l ’:~CO .1~~ Configuration Management Requi rements
for Sellers , General Specification for
F-14A Weapon System

A51CSVO22 Versatile Avionic Shop Test (VAST)
Requirement s for Sellers , General
Specification for F-14A Weapon System

A51CSVO23 Versatile Avionic ~hL
-
~p Je s t  Program ~ets

General Re juiremnents for F-i~~A
Weapon System

VAST Basel I ne Speci fica tion
General Requi rements for F-1~~A
Weapon System

I I)  2(IU I K .  1 1 - 1 2
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2.1.2 (Continued)

SPECIFICATIONS

A51CSFO25 Control Panel Standardization
Requirements for Sellers General
Specification for F-l4A Weapon System

*A51CSWQ27 Basic Wei ght s Control Requirements for
Sellers , General Specification for
F-14A Weapon System

A51CSRO33 Electrical , Built-In Test (BIT) Indicators
Standardization , Requirements , General
Specification for F-l4A Weapon System

*NQTE: Check with weights, if A51CSWO12 or A51C5W027 should be used.

DRAWINGS

Gnmmia n

A51A

2.1.3 Availability of t~ euments. -

(a) whe n requesting military specifications, standards , drawings ,
and publications , refer to both title and number. Copi es of
applicable specifications required by contractors in connection
with specific procurment functions may be obtained upon ~tp;-Ii -
cation to the Commanding Offi cer , Naval Supply Depot , C o i ~ 105 ,
5801 Tabor Avenue, Philadelphia , Pennsylvania 19120.

(b) Copies of this specification or applicable ;rumman ~~oum~ n~-s
may be obtained from - rumman Aerospace Corporation , ~~~ ;a~-~- ,
I~ ng Island , New York 11714; Attention: F-l4 Subcontracts
Manager.
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3 HE ~ IftFIGEN’IG

3.1 Preproduction (Qualification). - Thi s specification
makes provision for preproduction testing.

3.2 Parts and Materials. - In the selection of part s and
materials , fulfillment of major des ign object ives shall be th e pr ime
consideration. In so doing, the following shall govern:

(a) ~icroeiectronic devices shall conform to requirements specified
herein.

(b) 0ther parts and materials requirements shall conform to
Specification MIL-E-5400, paragraph 3.1 and Specification
A51CSRO17, paragraph 3.2.2.7.3.

(c) For design purposes, data and properties of materials shall be
obtained from Handbooks ~ iL-HDBK-5 , MIL-Ifl)BK-23, or from other
sources subject to approval of the procuring activity.

3.2.1 Nonstandard Parts and Materials Approval. - Approval
for the use of nonstandard parts and materials (including electron tubes ,
transistors and diodes) other than microelectronic devices shall be obtained
as outlined in Specification MIL-E-5400. Microelectronic devices shall ~e
approved o~ outlined in Gpecification AB-5, as modified by Specification
A51CSRO17, paragraph 3.2.2.7.3)4.

3.2.2 Microelectronic Modular Assemblies. - Mi croelectroni c
modular assemblies shall meet the requirements of ipecification AR-5 as
modified by Specification A51CSRO17, paragraph 3. 2 .2 .8 .

3.~~.3 ~~nishes. - The exterior finish shall meet the require-
meat s of Specification MIL-E-5400 and -to follows:

(- i ) The cleaning and metal treatments shall meet the requi rements
of Specification MIL-E-5400.

(b) Apply Epoxy pr imer , in accordance with Gpecifieathn U1-}’-23377.

I ‘1)0 I K~v 1 1 - 72 
— —



99

~~~~~~~~~~~~~~~~~ 

- ,

~ 

- ___________________ __________

GRUMMAN ~~~~ it ~ ;-~~~ -1 ’ ,-~~ - ~~~~~~~~~~~~~~~~~~~~~~

Code Idene. No. 265 12

S P E C I F I C A T I O N

No. F_ ll4A .-BP-68-1K

~.2 .3 ( Continued)

(c) Apply Acrylic lacquer, in conformance with Specification
MIL-L-81352.

(d) Equipments located in the cockpit shall be flat dull ol’tck
Standard VED-STD-595 No. 37038. Colors of all panels, knobs,
bezels and controls shall be in accordance with Specification
MIL-C-8779. In other areas the color shall be flat dark grey
in accordance with Standard FED-STD-595 No. 36231.

3.2.4 Magnesium and Magnesium Alloys. - Magnesium and magnesium
alloys shall not be used .

3.3 Design, Construction and Worimianship. - The equipment
shall conform with all the applicable requirements of Specifieation MIL-E-5400
paragraph 3.2 and Drawing A51A____________ for design and construction.
Worlonanship shall conform to Specification MIL-E-51400, paragraph 3.5.

3.3.1 Total Weight. - The total weight of the equipment,
excluding cables, shall be a minimum consistent with good design and shall
not exceed pounds. The seller shall conduct a weight control program in
accordance with Specificntion (A51CSWO12 or A51CSW027).

3.3.2 Reliabilit_y Provisions. -

3.3.2.1 Reliability Program Reqpirements. - During the design ,
development arid production phases of the contract , the seller shall conduct
an organized reliability program implementing as a minimum, those require-
ments contained in Specification A51CSRO17 and this specification.

1.3. 2.2 Quantitative Reliability Requirements. -

3.3.~~.2.l Mean-Time-Between-Failures (MTBF). - The specified
~T BF - 1’i ned in Standard MIL -STD-78l, paragraph 3.1, shall be hours.

i.3 ~- . 2.2 Operating Life. - The equipment shall have a total
ope I.ting life of _____hours. Parts requiring replacement during this
interval shall be identified by the seller and submitted to the procu ri r. ’
activity for approval in accordance with the requirements of Specification
-‘ - I C S RO 17.

I l l  ~ I I I )  I 11-11
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3.3.2.2.3 ~~apsed Time Indicators. - floe totalizing meters in
accordance with Standard MS17322, as specified in .~pL-cification MIL-M-7793,
shall be included in each Weapons Replaceable A.~sembly. Meter location shall
be sel ected by the seller and submitted ~o the procurino activity for
approval.

3.3.3 Cabling and Connectors. -

3.3.3.1 Cables and Connectors. - ‘Ihe equipment shall provide for
the use of cables and connectors in accordance with Specification !-~Ii-J- - 400,
paragraphs 3.1.5 and 3.1.36. WRA interface connectors shall confo rm to
Specification MIL-C-OOJ3l5ll or MIL-C-2~~032.

3.3.3.2 Interconnection Cabling. - The equipment shall be
capable of satisfactory operation using ext ernal wiring in accordance with
the requirements of Specification PIL-W-30$B and paragraph 3.l.3L of Specifi-
cation MIL- E-5~ 00 . The external wiring shal l be unshielded , ~xcept that
a minimum number of the individual wires may be shielded when demonstrated
by the seller as necessary to meet interference control requirements.
provided internal EMIl suppression is not possible, and the assembly of the
cable to its plugs may be easily accomplished. External cables and that
portion of the connectors attached to the cables shall not be supplied as
part of the equipment .

3. 3.4 Control Panels. - All control panels, whether rack or
control console mounted shall conform to the applicable requirements of
Specification MIL-C-678l for Type I and II control panels. Frovision shal l
be made for integrally illuminated panels in accordance with Specif icat io n
MIL-I’-7755 , Type IV , Class 1R . The co nfi guration of all panel s must be
approved by the procuring activity prior to preproduction test ing .  I ~ne]
shall be designated in accordance with Specification A~lCSFU 2 ’ .

I ( I  11N 1 I I I  ‘1
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3.3.5 Interchangeability. — The equipment shall meet the
interchangeability requirements of Specification MIL—E—51400, paragraph 3.3.

3.3.6 Electromagnetic Interference (EMI) Control. - The
generation of E241 by the equipment and the susceptibility of the equipment
to EMI shall be controlled within the limits specified in Specification
MIL—I— 6l 8 1 and as specified her ein. During the design , development and
production phases of the contract , the seller shall comply as a min imum
with those requirements contained Ic. Specification A51CSEO16 .

3.3.6.1 Conducted and Radiated E~nissions. — The conducted
and radiated emissions of the equipment shall be controlled within the
limits and requirements specified in 4.3.1.2.

3.3.6.2 Conducted and Radiated Susceptibility. — There shall
be no problems, such as, malfunction , change in normal indication or
degradation of performance of the equipment when subjected to the tests and
requirements specified in 4.3.1.2.

3.3.7 Maintainability. — Maintainabili ty requirements shall
be as specified in this specification . The maintainabil i ty program for
accomplishing these requirements shall be in accordance with requirements
of Specification A51CSMO13.

3 .3 .7 .1  Detail Mai ntainabili ty Requiremen ts. - The follc-wing
maintainability requirements and packaging requirements of Specification
A5fl’2M013 shall be demonstrated in accordance with __________________

he rein.
?.3.1.1.l Preventive Maintenance. — Avionic equi pment generally

shall not have preventive maintenance requirements. Any requirements for
pre-ientive maintenance shall be justified , documented and submitted to the
i~:-ocux-irlg activity for approval .

3.3.7.1.2 Corrective Maintenance. — The maintenance rate (MR)
for corrective maintenance shall be the determining factor in measuring
and evaluating the following requirements. The maintenance rate shall be
established from the following :

Eng 200 A c J,( 
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3.3.7.1.2 (C ontinued )

MR = (OH/FH X M/F X Failure Rate) + (OH/F R X Wearout Rate)

Where:

OR = Number of operating hours

FH = Number of flight hours

M Number of Corrective Maintenance Actions

F = Number of failures

The failure rate and wearout rate shall be obtained from
the contractually required reliability prediction . Generally the OH/FM ratio
is 2.0 and the M/F ratio is 3.0. Any deviation from these ratios shall be
Justified , documented and submitted to the procuring activity for approval.

3.3.7. 1.2.1 Organizational Level. — Organizational level maintenance
shall generally consist of performance of fault detection , isolation to
WRA , removal and replacement of WRA from aircraft and operational verifica-
tion. The following requirements shall be accomplished :

(a) Built—in—test (BIT) shall be incorporated into the equipment to
enable unambiguous fault isolation to the defective WRA in a
meantime of less than 

_____ 
minutes and a maximum tine of less

than minutes. BIT shal l be provided to detect and
unambiguously isolate at least % of all possible equipment
faults, when the faults are ranked by frequency of occurrence .

(b) No support equipment shall be used. Requirements for support
equipment of any type shall be justified , documented and submitted
to the procuring activity for approval .

(c) Removal and replacement of the WRA shall not exceed 
_____ 

minutes
(exclusive of access time).

Eng 200. 5.(,6
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3.3.7.1.2.1 (Continued )

(d) The total corrective maintenance time, the summation of fault
isolation , removal and replacement and verification shall not
exceed 

— 
minutes meantime. Ninety percent of all corrective

maintenance actions shall be completed within 
_____ 

minutes.

3.3.7.1.2.2 Intermediate Level, — The equipment to which this spec-
ification applies shall be designed for compatibility with tne Versatile
Avionic Shop Test (VAST) System AN/USM—247 as described in 3~ecifications
A51CSVO22 and A51CSVO23. VAST Test Programs shall be ~uri.i - in  —t- ~ c r~~t :Ic-
with Specification A~1CSVD24 .

(a) WRA Repair — Restoration shall consist of fault isolation
to the defective Shop Replaceable Assembly (SRA ) , removal and
replacement and/or in place repair of the defective SRA , and
verification that the specific WRA performance level of operation
has been restored. Fault isolation to the defective SHA
shall be accomplished without ambiguity , using only those test
poin ts of 3 .3 .7 .2 .4 .  Any requirement for fault isolation to
more than one SRA shall be subject to approval by the procuring
activity. Fault isolation by exception to the Inplace Repairable
Assembly ( IPRA ) shall be permitted . Removal and replacement of
a defective SRA shall not require the use of special tools or
processes.

(b) SEA Repair — The probability of restoring a malfunctioned
repairable SRA to an acceptable level of performance
shall be 0.98. Restoration shall consist of fault isolation
to the defective part or nonrepairable component , removal and
replacement of the item and verification that the specific
SEA performance level of operation has been restored . Fault
isolation shall be accomplished using only those test points
of 3 .3 .7.2 .4 . Further fault isolation to the defective par t( s)
may be accomplished using special test points provided for that
purpose. Removal and replacement or repair of the defective
part shall not require use of special tools or processes.

Eng 200 I S ( .~ ,
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3.3.7.1.2.2 ( Continued )

( c)  Total Corrective Maintenance — The following total corrective
maintenance times shall be satisfied :

(1) The summation of removal and replac ement of defective SM
and the removal and replacement and/or repair of a defective
part(s) including access and secure time, shall not exceed
— 

minutes meantime and minutes maximum at the 90th
percentile.

(2) The total time to test on VAST, the summation of fault
isolation and verification that the malfunction has
been restored for the WRA and SEA including hookup ,
warmup , turn—off and unhook time , shall not exceed
_____ 

minutes meantime .

3 . 3 . 7 . 1. 2 . 3  Depot Level. — Avionic equip ment generally shall not
have depot level maintenance requirements. Any requirements for depot
maintenance shall be Justified , documented and submitted to the procuring
activity for approval.

3.3.7.2 General Maintainability ReQuirements. —

3.3. 7.2.1 Task Criteria. — Each of the maintenance times listed
in 3.3.7.1.2 are to be accomplished with a maximum of one maintenance
personnel of no higher than intermediate skill (E—4 ) for at least 95% of
the maintenance tasks.

3.3.7.2.2 Built—In Test. — Suitable BIT features shall be
incorporated into the equipment to provide dO/IIC -(X) indications of equi~-cent
readiness , and when a fault is detected , automatically locate the fault to
the malf’unctloning WF.A. The BIT shall be self-contained and independent of
external signals that normally interface with the equipment . These features
shall be such as to energize warning devices (indicators ) for each ~}-~A whe ::
equipment performance falls below a specified level .

NOTE: .1elect either of the following 3.3 .7.2 .2.1  uepending upon autc n u tic
or manual BIT requirements.

Eng 2OO.~ 
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3.3.7.2.2.1 Qperation. - BIT operation shall be automatic and
continuous to detect and isolate to the malfunctioning WRA . The BIT shall
be such as to energize fault devices after there is reasonable assurance
that the equipment performance has fallen below a specified level. For each
WRA a fault indicator and a discrete output GO/NO -GO signal for remote
indication, shall be provided. Failure of any external equipment , or any
abnormal interference signal , shall not cause BIT to indicate a failure.

3.3.7.2.2.1 Operation. - BIT operation shall be initiated by a
manual switch located on the front of the equipment and also by an input
signal from a remote location. The BIT shall be such as to energize fault
devices after there is reasonable assurance that the equipment performance
has fallen below a specified level . For each WRA a fault indicator and a
discrete output GO/NO -GO signal for remote indication shall be provided .
Failure of any external equipment , or any abno rmal interface signal shall
not cause BIT to indicate a failure .

3.3.7. 2.2 .2 Fault Detection Provisions. - A latch ty-pe indicator
(mechanical reset) shall be provided in accordance with Specification
A51CSRO33 for each WRA to indicate , wi th  power removed or interrupted ,
whether any NO-GO test result occured since the last mechanical reset .

3.3.7.2.2.3 Fail-Safe Operation. - The circuits and devices which
provide self-test functions shall be designed in such a manner that any
failure of the self-test circuitry will not degrade the equ.ipnient with which
it is associated .

3.3.7.2.3 WRA, SEA Interchangeability. - Any SEA cf this equipment,
after having its perfo rmance verified at the intermediate/depot level of
maintenance, when inserted into the WRA shall not require or cause the WRA
or any SEA within the WRA to be adjested or calibrated. No adjustments will
be permitted on the WRA at any level of maintenance. When inserted into
the aircraft, it also shall not cause other WRA ’s or SRA ’s to be adjusted

I U 2O~I Rev I I  72
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~~~~~~~~~~ l~~zt ~~ints. - Test points shall satisfy the following
requi rements:

(a) F’unctional lest ~oint Arrangement - Test po int s shall be exposed
and grouped within a multipin connector which is readily accessible
at the level of maintenance for which it is intended . All external
test point connectors shall be provided with metal caps chained
to the equipment. The test point s shall be grouped by the
functional maintenance level requirement s as follows :

(1) WRA test points for intermediate/depot .

(2) SEA test points for intermediate/depot. -

(b) The test points shall be located as follows:

(1) WRA test point s shall be located in such positions to be
readily accessible for maintenance while installed in the
aircraft .

(2) SEA test points shall be located in such positions to be
readily accessible for maintenance actions. The majority
of these test points shall be located on the outer surface
of the SEA at specifically identified jacks or on test
connectors themselves.

3.3.7.2.~~.l WRA Test Points. - Test points are required on each WRA
for maintenance at the intermediate/depot level for use when the WRA is
removed from the aircraft or is newly issued , to determine the performance
level of the WRA and, in the event of a failure to identify which SEA is at
fault. WRA test points shall , when used in conjuction with the operational
connector , provide the means for:

(a) Measuring the necessary input/output parameters to enable
isolation of faulty SEA ’s in accordance with 3.3.7.1.2.2.

(b) Ascertaining WRA performanc e criteria , in such a manner that when
an WRA is reinstated in the system , the system will meet the
performance criteria.

(c) Implementing a master reset of all elements within the WRA to a
predetermined stat e or known condition.

3.3.7.2 .1~.2 SEA Test Points. - Test points are required on each ~JhA
fu r  use when the SEA has been removed from the WRA to ascertain which compon ent
is ~tt . fault . SEA test points should provide the means for:

~ :L )  Measuring the necessary input/output and c i rcui t  parameters
to enabl e isolation to the faulty rionrepairable or snai l ~ro~ p
of nonrepairables as follows :

! IMI  I R~~ I I / 2
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3.3.7.2. 14.2 ( Continued)

(a) (Continued)

(1) When the SR.A contains 10 or fewer nc-nrepairables , isolation
to groups of 2 or less shall be possible for 50 percent
of the possible faults. Isolation to 14 or less must be
possible for all possible faults .

(2) When the SEA contains more than 10 nonrepairables ,
isolation to groups of 14 or less shall be possible for
80 percent of the possible faults. Isolation to groups
of 8 or less must be possible for 95 percent of the
possible faults . Isolation to groups of 10 or less must
be possible for 100 percent of the possible faults.

(b )  Measurement of necessa ry input/output parameters to enable
calibration or alignment of the SEA.

3 . 3 . 8  Nomenclature and Nameplates. — Nomenclature assignment
and nameplate approval for equipment identification shall be in accordance
with Specification MIL—E—51400, paragraph 3 . 14 , and Specification MIL—N—l8307.

3.3.8.1 Identification and Marking. — Identification and marking
shall be in accordance with Specification MIL—E—51400, paragraph 3.1.19 arid
Specification A51CSCO18 .

3.3.9 Standard Conditions. — The following conditions shall
be used to establish normal performance characteristics and for making
laboratory bench tests :

Temperature Room ambient (25 + 5°C)

Altitude Norm al ground

Vibration None

~eg 200.3 i-’S6 
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3.3.9 ( Continued)

Humidity Room ambient up to qU~ relative
humid i ty

Innut power voltage 115 + 1.0 VAC 1400 + 20 Hz and/or
27.5  + 0 .5  VDC

3.3.10 Service Conditions. — The equipment shall operate
satisfactorily under any of the environmental service conditions or
reasonable combination of these conditions as specified in paragraph 3. 2.21
of Specification !41L—E—51400 for Class 2 equipment , exceot as modified herein .

3.3.10.1 Temperature and Altitude. — The equinment shall operate
satisfactorily when subjected to the reciulrements of paragraph 3. 2 . 21 . 1
and 3. 2 .2 1.3 of Specification MIL—E- .5 1400 and Figure 1 of Specification
A51CSTO1O . Th.e transient conditions of Figure 1 of Specificat i on
A51CSTO1O do not apply to cabin eauinment .

( a )  Environment A of Figure 1 of Speci fica t ion  A5 1CSTO1O defines
the temperature—altitude reouiretnents for equinment located
within conditioned compartments .

(b) Environment B of Figure 1 of Specificat ion A51CSTO1O defines
the temperature —altitude re.-iuirenients for enuinment located
w i t h i n  nonconditioned cosrnartments .

The following enuirments shall be located in  environment A:

( 1 )

( 2 )

The fo l lowin g  equ inments  shall be located in  environment B:

( 1)

(2 )

Fog 200~ ¶.(,6 
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3.3.10.2 Vibration . — The equipment shall satisfactorily i~~et
the performance reauirements of this specification when sub .lected to the
vibration inputs of Curves I and II , Figure 5 of Specification MIL—F~—5h00 .

3. 3. 10 .2 .1 Design S t i f fness  Requirements .  —

( a )  Minimum Design Resonant Frequencies — No resonant frequency of
the equipment , or any of its components (excluding external and/or
internal isolation systems , if any ) , shall be below 145 Hz .

( b )  ~1j nj mum Design Resonant Amp lif icat ion Factor — A minimum resonant
amnlification factor of ten shall be assume d in the design
an alysis . Lower factors may be assume d ( sublec t  to the approval
of the procuring act ivi ty )  if damped laminate construction or
other structural damping methods are used .

3.3.10.2.2 Vibration Isolation. — When external and/or internal
vibrat ion isolators are used , the  mounting system shall be in compliance
with Specification M IL — C— l7 2 , wi th  the fo l lowing  exceptions .

3.3.10.2.2.1 Transmissibility and Hesonant Frequencies.  — The
t ransmj ss ibi l it ie s  of the mounting system shall not exceed the allowable
values given in Figure 3.1 herein , in any d i r ec ti on  of vibrat i on . Resonant
frequencies , whether coupled or uncou pled , are not rest r ic ted w i t h i n
specific limits ; rather the are l i mi t ed  onl y to the extent that the
t r~ n s” ’ i s r / ihj lj tj e s  assocj~ ted with t he  resonant frenuencier-, do not ~xcc’ed
the allowable values.

~.3. l0.2.7.2 Confjguzrqt~ on. — Unit vibrat i on isr,l~ tors or d i s t r i b u t e d
e1ast~ ’ ~i1u. of any s ize , share or materi~’l (includin - ~ flexible riastic

~~ used provided the volume nn~1 form factors of the inst,allqtion
nr~ jr ( ‘mu~~iq n c e  wi th  Drawi ng 

____________

Shock. — Th’~ equirr~’nt. shall be r am b l e  of m ee t in r  the
performance requirements when sub jected to the sh ock in rul tr - of ~r ec i f ic at i o n
~~~~~~~~~~~ para graph ~~~~~~~~~ The shared pulse of these shock s  sha l l  be
a i~~1f’ s ine  wave .
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3.3.10 . 14 Acceleration. — The eruuirment shall be capable of
meeting the performance requirements when sub ,lected to the acceleration
i nputs of Spec i fi ca t ion  MTL—E—52 7 2 , paragraph 14 .l~~. 3 , Procedure I I I .

3.3.11 Service C o n d i t i o n s — E l e c t r i c a l . -

3.3 . 11.1 Primary Input Power Renuir em ents .  — The equipment shal l
meet all apnljcable requirements of Standard MIr ,_ STD—7 0 1i and shal l  cive
specified performance from the following power sources with characteristics
as defined in Standard MIL—STD-7014 having limits soecified therein. The power
required shall not exceed the specified amounts.

( a )  AC Power (Three Phase) ll~~/20fl V . Cat egory B _____VA.

(b) 28 V TC Category B, 
______ 

watts .

* 3 .3. 11.7 Degraded Performance. — The enuipment oerformance dur ing
abnormal power conditions as defined by Standard MIL_STD_7014 shall be as
follows.

** 3.3.11.3 Warm-Up Time . — Warm—um time under standard conditions
shall not exceed 

—~~ mi nutes and minutes under service conditions .

3.3 .17 Surrounding Air Pressure. — For design purooses, the
air pressure surrounding the enuipment shall be assumed equivalent to free
stream static pressure . All newly developed equinment shall be designed to
satisfactorily withstand or orerate at 0J~5 msia surrounding air pressure .

~~~~~~~ Cabin Equipment. -

‘.a) Normal 21.0 to 2.73 psia

* if equinment performance is other than that stated during abnormal power
conditions listed in Standard MIL—STD—70II , para. 6.14, see cognizant
engineer for details . If performance is acceptable as stated in rara.
6.14 delete 3.3.11.2.

~~ Delete , if warm—up time is same as that rf Spec i f i ca t ion  1111—E _ 5k0 0 ,
para. 3.2.20 .1.

F.ng 200.~ S-(~
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3.3.12 .1 ( Continued)

(b) Abnormal 2.73 to 0.65 psia for periods Up
to 10 minutes duration . Degradation
of performance will be allowed but
the equipment shall sustain no per-
manent damage as a result of exposure
to this condition .

3.3.12.2 Remote and In-Bay EQuipment. — The equipment shall be
designed to operate at 15.5 to 0.65 psia, and the surrounding air pressure
may vary at rates as high as 0.25 psi per second.

3.3.12.3 Transient Characteristics. —

3.3.12.3.1 Cabin Equipment. —

(a) Normal — The surrounding air pressure may vary at a rate
as high as 0.25 psi per second .

(b) Abnormal (Explosive Decompression) -

Condition I — The equipment shall meet functional requirements
(including accuracy requirements) immediately after being
subjected to an explosive decompression in which the surround-
ing air pressure varies rith time in accordance with the curve
soecified as Condition I -f Figure 3.2 (cabin pressure decay
during explosive decompression).

Condition II — The equi pment shall not deform or disintegrate
in a manner which could cause injury to a crew member or
otherwise jeopardize aircraft safety when subjected to an
explosive decompression in which the surround air pressure
varies with time in accordance with the curve specified as
Condition II of Figure 3.7. (Cabin pressure decay during
explosive decompression.) The equipment shall not be required
to function after exper i encing thlq condition .

3.3.13 Thermal Reriujrements and Cooling. — The equipment shall
meet the thermodynami c requirements specified in Specification A51CSTO1O .

Fog 200.i 5.t~
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3.3.13 (Continued)

Specification A51CSTO1O is provided to assist the seller with the thermal
design evaluation to assure that the equipment will operate satisfactorily
without adjustment under all modes of operation in the weapon system .

3.3.13.1 Heat Dissipation. — The heat dissipation Qe (electrical
heat generated within the unit) shall not exceed the following:

Equipment Heat Diss ipation — Watts

(a)

(b)

3.3.13.2 Forced Air Cooled Equipment. — The cooling requirements
for forced air cooled equipment shall not exceed 2.32 lbs/m .in/kw (w/Qt’)
for conditions defined herein:

(a) Ambient Temperature 160°F

(b) Cooling Air Inlet Temperature 60°F

(c) Surrounding Air Pressure 114.7 psia

* Qt = Cooling air duty as defined by Specification A51CSTO1O .

3.3.14 Human Factors Engineering . — The requirements for
applying the principles and criteria of human factors engineering shall
conform to Specifications MIL—H—146855 and A51CSHO11.

3.3.15 Configuration Management . — Articles furnished in
accordance with this specification shall be developed and produced under
a system of Configuration Management as specified in Specification A51CSCO18.

3.3.16 Bonding. — The equipment shall be bonded in accordance
with Specification MIL-B—5087, paragraphs 3.3.3 and 3.3.5.

~~ 3.3.17 Safety. — The equipment shall be designed to preclude
the incorporation of features which result in critical or catastrophic
hazards as classified in paragraph 3.2.3 of Specification MIL—S—38130.

‘~~ NOTE: Choose one paragraph 3.3.17 as determined by the requirements of
AVO VFX—ENG/A5 l—3 140—A.. 68—l , dated 20 Nov . l9~ h .

En* 200.3 5 .1j6
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** 3.3.17 Safety. — The equipment shall be designed to preclude
the incorporation of features which result in critical or catastrophic
hazards as classified in paragraph 3.2.3 of Specification MIL-.S—38l30.
Analyses of the equipment design shall be performed in accordance with
paragraphs 3.4 , 3.4.1, 3.14.2 and 3.4.3 of Specification A51CSSO31.

** 3.3.17 Design Safety. — The equipment shall conform to all
the requir~ nents of Specification A51CSSO31.

3.3.18 Coverglass and Wed&es. — The instrument coverglass and
any other transparent element between the glass and dial such as a lighting
wedge shall be provided with a reflection reducing coating that meets the
requirements of Specification MIL—C—675, in addition to withstanding the
environmental conditions of the indicator involved , except that the following
reflectance tolerances shall apply:

Angle of Incidence Waveleng~~i Millimicrons Percent Reflectance

00 1450 — 675 0.6 Absolute
00 425 — 700 0.5 Average
30° 1450 — 675 1.0 Absolute
300 425 — 700 0.5 Average

3.4 Performance. — Unless otherwise specified , values set
forth to establish the requir~ nents for satisfactory performance apply to
performance under both standard and environmental service conditions . When
reduced performance under the environmental conditions is accept able ,
tolerances or values setting forth acceptable variations frcin the performance
under the standard conditions will be specified .

3.5 Detail ReQuirements. -

** N (YPE: Choose one paragraph 3.3.17 aS determined by the requirements of
— 

AVO VFX—ENG/A51—3140—A—68—1, dated 20 Nov. 1968.

Eng 2OO .~ ~f,(
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14 QUALITY p.SsuR&~:cE PI~0VISI0NS

14.1 Seller ’s ~iu-~L itv Pro.-ram . — Articles furnished in
Compliance with :sis s cificatior~ ~hall be tro~ uced under the ccr.trcIs
established in t~e ~e1~~ r s  (..ce e:~ niticns , 3ecticr~ 6) Cuali~ y ~r~:r~~
Plan. The plan shall be crepared c.:.~ sucnittc-J to the procurlrg activi~.y.

Reso- - U.ii~.t !or ~r I~~~~1’ -cc  ~~~ ‘ e-t ~~. —

othervise ~cecifie-d jr tre cor .zrrcz. or ~~~~~~~~~~~~~~~~~~ ‘r~~ r , t~~e z .~~~~or ~ho ll
be res~onsjble for thc - r ~:i ~ ce of  all i~~~~~_-C t ~~3flS ar,~.i t C3~~Z e~~) f : r t
herein. All rroce±ures , t ’~~tc , irta ann reports ger.eratec~ ccr.-.~u~ teu ,
prov ided , an-I subrCt~ c~.. I:. ccr~ az~o~ ~~~~ ti- o reo~~ir~~ient s  of t L i S

cpec i fi c2 l l c~ ~~~~ oc cc:~u s t c r .t  I~~ tne definitio~~- rtn~ ~rour.n rulescc-~tained in Se~ t icn  L. ii~e ~c.~~-r ~~~~~ utilize the faci1~ ties cf a
1abo~ atcry oc~ e-t ~ ble to tl -~ r- :- o c~ r~ r~ act i v i ty  rl r.~ t r e  Goverr .rient . The
procurin.-r a c ti o ity  re:cr- .~~ L:.~~ :i -~ .t ~~ r e - ç - r :- o r~ ~u~y of t~ r i~~~~ect .~ons
an~./or 11ot o : t h  ~~~ . ~~~~~~~ i o at ior  ~:n ~ r ’~ nuc h ~re .~~~ied c~~~s~ r~r
to ass-.~ t~—~ t ~~~~~~~~ - .~~~~ .:- - o - : ac t : ; cor: -ro to ~~~ 3c r1~~ed ~~~~~~~~~~~~~~
17r .:- 

~~~~~~~~~~ ~.ct i ;~ ~~~~~~ t o~ - ~~~~~~~ Ii.~ e2 t. r ~~ .. ~li :..~ ~.~~~ r cc  two
vee- .s ~

j -
~ 

- - -too ~. -:: - :-.~~~ ar~ ~ L - c - ~~t~ e~ Co ...‘~at rer~ ’:: 1t~~t~~1?s
n~~ be üL~~ i, - .~~:co to- ~~ ~so cr :.rcr. . r.~ t t~e - 

~~z vhe~ ~c ~~~~~~~~~ . In
additien , t~ e r ro L-~:.~-- t t - ;~~~;1 :~2;;erves the r~~ h: to v at -n e ss  ~~~~~~ t -~~~t s
and ~~~~s~~ -~bly cc~:-.~~ct~: tv tt-e seller on nonconforming articles roturned
by the procuring ac tivity .

14.2.1 C l r ~~f i ca tj ~~n c~’ Tc~ t s .  — Iter~s covered b:.’ t-nis
specificaticn shall :e C-~~.i ect ~ -~ ~- -o- t - .~ fc!lowir.~ tests to determine com-
pliance with all app1.ic~~. ~e re-~ -.iircrents:

(a) I’reproductic~ ~‘ -~ ts (~~~ l:~ Cc~ tior~)

(b) Acccptancc ~ozt~ (Qu a.l.ity C~nfornance)

C c )  Special Test s

Accert~ ncc of rtlclc- n unuer the test provisior.r
specified Lere i r .  sh~ l r.~ t relieve the  seller of rest.onsitility to
neet the ~t 3 i ~~P r e r J i f e~~ nts of th~ specification .

i~ig ~CII ~

L~~~~~~
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14 .3 Preproduction Tests (Qualification). — Preproduction
tests shall be made on equipments representative of the production equip-
ments to be supplied under the contract. Preproduction tests shall be
accomplished under the approved test procedure of 14.7.

NOTE: When preproduction tests are to be made on equipments manufactured
In the first production run, the equipments to be tested shall be
selected by a representative of the procuring activi ty with the
concurrence of the Government Inspector.

14.3.1 Scope of Preproduction Tests. — Preproduction tests
shall include all tests specified herein and shall be conducted In
accordance with the requirements of this specification . Test values and
parameters shall be as designated in the design requirements paragraphs of
this specification. If during the course of conducting preproduction tests
correct ive action is required, the seller shall re-evaluate the previously
approved tests, test plans, and test procedures to assure their continued
validity . The corrective action, extent of required retest, and the test
plan and procedure revisions shall be subject to approval of the procuring
activity . Preproduction tests shall consist of the following :

(a) Acceptance (Quality Conformance ) Tests

(b)  EMI Tests

( c )  Environmental Tests

( d )  Reliability Demonstration Tests

(e) Maintainability Demonstration Test

(f) VAST Compatibility Demonstration Test

( g)  Hum an Factors Engineering Veri ficat ion Test

Eng 200.3 5.66
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14 .3.1 (Cont inued )

Nt)TES: ( 1) During preproduction testing of the applicabl e equipments ,
Micro Integrated Circuit Replaceabl e Assembly (i~LCRA )
from the two acceptable sources shall be employed in the
test specimen. MICRA from the second source shal l be
used in applications having the same environmental-opera-
tional stresses imposed upon them as do ?v~ICRO from the
first source.

(2 )  When tolerances are specified in the applicable re ferenced
specifications/standards, these tolerances shall include
the instrumentation error.

14.3.1.1 Acceptance ( Quality Conformance) lnspection. - The
acceptance tests shaLl. consist of the tests of 14. 14 .1 and shall be perfo rmed
on all preproduction equipment.

14.3.1.2 Electromagnetic Interference (E2dI) Test Requirements. -

The seller shall demonstrate compliance to 3.3.6 by meeting the requirements
and performing the tests specified herein. During suscept ibility testing ,
when a problem is found , the seller shall determine and record the threshold
of susceptibility that causes the problem. The threshold shall be defined in
terms of frequency, amplitude or distance from unit cable or cable bundl e as
may be applicable for the configuration under test. Test shall be performed
with harnesses that simulate aircraft configuration as to length, gage,
shields grounding, etc. The test set up shall not be disassembled unless
approved by the procuring activity. The system shall be tested to these
requ i rement s in all modes of operation.

14.3.1.2.1 Test Requirements and Limits of Specification w.i1.-T-~i8i. -

The equipment shall be subjected to the test requirements arid comply with
the lirnito- of Section 14 of Specification MIL-I-61-%TI.

4 .3.1.2. 2 Transient Conducted Interference flucce~tibi]ity. - lu lses ,
50 volt amplitude both positive and negative polarity , shall be injected i nt-
each AC and DC power lead at a pulse repetition rat e of 10 pps minimum for :t

perio of at least 5 minutes for each pulse polarity. The characteristico
of the transient pulse , as measured by an oscilloscope across the input
terminal of the test sample (while the test sample is operating) shal l follow
the ty-pical wave shape specified jr-i Figure 14.1. Either series or parallel
injection can be used as shown in Figure 14.2. line stabilization networics
shall be removed during these tests. If the equipment is found to be
susceptible, the threshold of susceptibility shall be determined by Iecreas-
ing the pulse amplitude .

_ _ _ _ _ _ _ _ _ _ _ _ _ _ _
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14.3.1.2.3 Transient Radiated Interference Susceptibility . - The
- I tests shall be performed in accordance with Figure 24.3. The relay used

shall be Standard MS25271 or equivalent. No suppression shall be ippi~~e-i
to the relay . The relay circuit shall be unshielded wire tightly cu~pied
(taped) to, and in parallel with, the equipment power leads and z~iI -x~ tJ h e a l .- ,
and tightly looped about the units of the equipment comprising the t i - ~~t

sample. The t~ st shall be performed first with the double pole double throw
(DPDT) switch in position A , then with the DPDT switch in position B. The
test shall be run for a period of at least five minutes in each switch
position . If the unit is susceptible , the threshold of susceptibility shall
be determined by moving the relay circuit wire away from the bundle or case.

14 .3.1.2 .14 Induction Field Interference Susceptibility. -

~4.3.l.2.14.l Cable Bundle Test and Requirements. - Tape two (2 )
insulated, unshielded wires to each cable bundle of the test sample , p~)
degrees apart . The current carrying wires shall run the entire length of lie
bundle under test , and as close as possible to each end connector. Apply ~O
amperes of’ AC current at a frequency of 1400 Hz to each wire, one at a time .
See Figure 1~~14 for the test set-up . All cable bundles shall he ~h inches
minimum above ground plane. AC power leads may be exempt from this test. The
test shall be for a period of at least 5 minutes for each switch position.
If the unit is susceptible , the threshold of susceptibility shall be deter-
mined by decreasing the current in the current carry-ing wire and then by
moving the current (20A) carrying wire away- from the bundle

14.3.1.2.14.2 Case Test and Requirements. - 1~lrap one turn of insulated,
unshielded wire around each unit case in the test sample. This single turn
of wire shall be centered and held in place by tape. Apply 20 amperes of
AC current at a frequency of 1400 Hz. See Figure 14 .5 for the test set -up .
The test shall be run for a period of at least five minutes . If susceptible ,
the threshold of susceptibility shall be determined by decreasing the current.

14.-~.l.2.5 R~diated yield Interference Susceptibility. - ills

r-equirer~cnt supersedes the RF radiated susceptibility requirement in
bpecirication MIL-I-6l81. The cables and units comprising the test sample
; l i ~~i. be subjected to a 1.0 volt per meter field in the frequency range

of 0.155 MHz to 20 5Hz. The modulation of the RF signal shall be those
rates and indices for which t he test sample is most suscept ible . lIe
specified field strength shall be establ ished by plac ing a calibrat ed
antenna at the same di stance or relative location where the t e ~i t  sample will
be placed. The power at the input terminals of the transmitting antenxia

I 0 2 111 I Key II 12 
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14.3.1.2.5 (Continued)
required to establish the specified field shall be monitored and recorded.
When a tes~t im performed , this same amount of power shall be applied to the
transmitting antenna terminal. When baluns or other matching networks are
used , any -losses shall be properl~- compensated . If susceptible , the threshold
of susceptibility shall be determined by reducing the field intensity.

14.3.1.3 Envir ental. — -
~ fcllcwi::~ envirorunental t :~ ts ~hal1

be performed is acccrdanc~ -with .~ci fi c at i o n  ~~~~~~~~~~ for Class 2
equip~ent e~:ci ~t-; .—

~~ s-oc.i f ~ i-.cri ir.. Fri c.r to , du r i i~~ ar~d after i-rich
enviror:r -.er.tal t e s t ,  rea~ ir~~s ~h:.iJ. ~-e taker. to d et cr i—ir : e  that the o~ crat~~c:.~ .t
limits of tais s~ cci :

‘.Lcaticr are r.~ t , with the excen:ic’n of salt rprz.y, ~~~~~
san d arid dust , explosion aria fu::rus for which readings shall be taken only at
the st~.rt and. f T h is l  of eacri t t ct .

14.3.1.3.1 T~o~tera~~rre rrS /~1t~t~~ic. — The equi~~~ent shall oterate
satisfactorily ~,ithin a t€- :- ~- € z ~a re--a.Lt i-~uu e  envir cr~~eii t specified in

i:i~ ation ~- ~
_

~~
_

~~L.22 , .2 - -iz- 2 pararra:~.~ 4.1 moui iccl  ty  Sj-c-cificatiem

~~~~
f i iI 2 I i. .h .-~ •~~ Ct’ , cOi~ i t ; :e .  l i~~~. ~~~L- -~’ ai.u

ce s t S  of ~~ c~~f ’ t ~.e~- - h - ~ C : -i : dj  he ~-~ r for : .~ .~ u~ t~art of t h i n  t~~~t.
All cor .trc i. par~.iis ~,:al1 ~~~~ rti~oved f r c - .: t~~e ~.;~ 1~~i l y for t:~13
te~ineraturc t~ ;ude tent anS ~~all be suc~ ccted ‘ i.:r to the te~ t~ ru~-i
lir.itr. of Spec i f i ca t ion  l1L ~ C—t~1~31, para~rarh 14.1, for ~ualificaticn purposes .

14.3.1.3.2 Vibration. — The equirment  ‘~}-~-~l1 he tested in accoruarice
with ~arL:r a~h 14 .2 , Carve I anu Curve II from F~~~ire 2 of Sp ecif i ca tion

~a1.:5l;22 an..i as follows.

i..3.1.3.2.l vU~rat~~~~ r~st . — The spec!fied. vibratioi: input shall
be sin o i - .i-J a: ti-~o n :~~ . i fr t ~~ acncy . h.;~1 ~ ot-~~ii-,ril1 be ~:r-lie~ to
and moi~i t .crcd at the ir.torf~ce between the .ozt fixture a’iu each equipment
r.i~~r.tin1~ roTht . A ccr :~ iete record of each v:brati~-n tcst shall be eztab1i .~ lec ,
ir  ‘i . u u i r ~ all r esonr :.: f re~ uer~cies detected with n ;~~~cia ted a~:~ l i f ic nt i c n

i c r ~~ ermcion  ~~~~~~~~~~~ ar.~ -Jetails re~ ardi~~ the per~ on’~ i~ce o f th e
e- ai~ r,ent uncer t€ -st. The input to all mount~ r.~ ~io int s  ~ha11 be at least
the levels of t :~e ar ; licac lc  curve or as ao~ rcve- ’ the rrocuring act~ vi~ y .

14.3 . 1.3 .2.2  P e sr i r a i t  2 i - I?ll Fr ’:~~~~~c - . — flesonant dwell f rer luenc ics
sF.sli he defired a t~ i - .~ - i . ~-:~~ic~ a ’~ ~~~~~ t~; vibra:ion Is most l i k e l y
to cause structural f~ ilure -or i-:ai function of the ter~.. item . The i~cnt
severe dwell frequencies need not ;il~ cys coi~ eiJ~ with resonant frequencies .

_ -  _ _ ___-- -- - -_ - __ -._
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14 .3.1.3.2.3 Vibration Fixtures. — The test fixture shall transmit
the specified sinusoidal vibr acion input fr om the shaker arm ature to the
equipnent mounting points w i th  siini=ux~ attenuation , -~ li fi cat ion  or dis—
to~ tion . ~‘ransverse motion, in nny direct ion , rieasureri at. the equipment
mounting points should be less than lC0~ of the applied vibration. Corn—
p].iance with the above requirements shall be demonstrateci uy performing
a fixture survey in each axis with the test specimen , normally mounted ;
however , input levels shc2~ . not exceed 20~ of the levels specified ~-y
Curve I of Cpecificat icc.  ~.‘lL...T..51422.

14.3.1.3.3 ~Thoc.~~ — The eauipaent shall be tested ~n accordance with
para~;ra~h 14 .~ of E s e c i f ~ cat ion :aL_ T ~ 5h22.  The shock pulse shall be a half.-
sIne wave as def in ed by ~ara~ r aph 3.1 f’rcm ~lcthod 213 of Standar d f.~IL-~ T h— 2 c 2 .
InstrurLlentation usco to record tne j osut t -u l se  shall be in accordance with
p.aragratn 2.2, ~~ tnoc 5l~ ci’ 2t an ~ ard - 1L— STD—hlO. The amplitude of the
shock pulse shall be + lO; of the level indicated .

14 .3.1.3 .14 z’. ’ l , ;. - ~~ e ecut~nent shall he tested in accordar.c ’
. .f ~ c:~~ .o n :~:L — 2 — 5 ~ CC as m e d i f i c e  ~~ C cc: f i c - .t : - .i -

A51.~~..~ - 2 .Ci . A ~~~~~ C ” L -:~ :tC ~~ , such -~~~ c flLI check. sh-~ I be ccn-~~:~~’ -~
once dur ing  t:~e r.i r~ :ert ~ ur2 uorticri of eacn cycle. Puring checkcut ,
specially cooled E-c ’~!:~;.ent stiall receive cooling air at the a~ vropr ia te
tern ratur e and flow rate. At the coripletiorL of the htm~idi ty  test a cc.nplete - 

-

checkout of the equipment shall be performed .

~~TES : ( i)  The use of a Dewnoiri t indicator  for ver i f ica t ion  ef
relative hw:~iSi ty  i s  rc-eferred . Di f ferent ial  tenreratur e
(wet v~~. ~ :y )  - r  ~~~:rate wet and dry bulb meas~ rc::~e::i s
hav i r .~ the r~~~~i~~e~ re so lut ion  are acceptable.  i h i f e ren —
tial ter-.ro ra t~~re is treferred over separate wet and dry
bulb rea-din~ s.

(2)  I~ a wet bulb rensor is used , the air flow past t i~e sen-
sor s~ al1 be at least 900 feet per minu te .  I~oth the cry
bulb r~~’i we: bulb sensor snail be locate l in the s~r e
air strc~r~. h h 2  dry bulb sensor shall be located beside
or upst .re am from the wet bulb sensor .

~~~~ 201 l 
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14 .3 .1.3.5 Acceleration. — The equipment shall be tested in accord-
ance with par agr aph 1~.l6. 3 , Procedur e III of Specification M IL—E— 5272 .
Tolerance on radial acceleration shall be + 10% at the center of gravity of
the m~1st~~IBnt.

14 .3.1.3 .6 Salt Spray . - The equipment shall be tested in accordance
with paragraph 14 . 5 of Specification MIL—T-51422 .

* 14.3.1.3.7 Explosion . — The equipment shall be tested in accor dance
with paragrap h 14.6 of Specification MI L—T—5 1422 .

14.3.1.3.8 Sand and Dust . — The equipment shall be tested in
accordance with paragraph 14 .7 of Specif ication MI L —T—5 1422 .

14 .3.1.3.9 Fungus . — The equip ment shall be tested in accordance
with paragr aph 4.8 of Specificat ion MI L—T—5 1422 .

** 14.3.1.3.10 Explosive Decompres sion. — The equi pment shall be
subjected to teats simulating cabin blowout conditions resulting from the
explosive decompression rates for Conditions I and II as shown in Figure
3.2. During these tests , the chamber and equipment internal pressure
variations shall be recorded . At the conclusion of each test the equip-
ment shell meet the applicable operating requirements as specified in
3.3.12.3.1.

14.3.1.14 RelIabi1It~ Demonstration. — Preproduction tests shall
include reliability demonstration in accordance with Standard MIL—STD —78l ,
Qualification Phase Test Level F. Test Plan 

— 
and the cycling requirements

of Figure 1 of Standard MIL—STD—781 as modified by Specification A51CSBO17 .

14 .3.1.5 Maintainability Demonstration. — A maintainability
demonstration shall be made on preproduction equipment s in accordance
with the sellers approved maintainability demonstration plan , prepared in
accordance with Standard MIL—S’rDJ Tl , Test Plan A and B , Method 1 and
Specification A51CSMO13.

• Delete for cabin equipment.

•~ Delete for other than cabin equipment .

Eng 2OO~. ¶-4 ’36

- ~~~~~~~~~~~~~~~~~~~ 



-~~

GRU ~1\~,~~ AF:HUSP-\CE )HPOR,\TJON

- 
- Bethpage , L. I.. N. Y.

Code Ident . No. 26512

S P E C I F I C A T I O N
No. F-114A~BP-68~1K

¼.3.l.6 VAST Comratibi1~~y Demonstration . — The VAST compatibility
d~~ionstration shall be perrcrmed in accorciance with Specification A51CSVO22.

14.3.1.7 Ht~~an Factors En~1r.eering Veri f i cation Test. — A h’.zan
factors engineering verification test shall be terformed to denonstrate
c~~pliance with the applicable human factors engineering specifications. The
effect of degraded input , and degrade~ rerformance shall be determined .

14.3.2 Prei,rcductior. Test_Peoort. — The seller shall submit
to the procuring activity , for approval , copies of his treproduction test
report . The report shall inclufe the test results, all supporting data
collected in conducting the tests , and analyses of all failures wh ich
occurred. As a suptleiocnt the seller may include, for the procuring
activity ’s ccnsideratjon , any reccnmenaations for design improvement
beyond the corrective action resuired to r~ass the te~t. The data pre-
sentation of t~ e test rercr t  shall be coordinated with the approved test
procedur e required by 14 .7.

14 .3.3 Tr~~-’r~~~~c oval . — Eatiofactcry completion of
the prepr eductiom ~cst r ’;.~~i ro~:Lr .o :~ s::a 1 ihO c::.;in~~ent upon the r-r ocurir~
activity ’s srcval ~s the sellez~ ~ ~rerrouucticn test rtt~rt. F-abr ica t ic~
of production equiPment prior to such ap~ roval is  at the seller ’s own
risk.  After coup 1et~ on of the test.3, the disposition of the equipments
tested shall be as specified in the contract.

14 . 14 Acceotance Tests .  — Accet .tancc tests shall be terforned to
verify that eaui~ments sutplicu un~ier the contrapt meet the standards
establish.ed in ~crt :-ou 3, or~d are ‘-~c..ival:r.t to the r.rerrcduction test
equirr~ents in all re~~ cct3 . ~nc 1u~~r.~ de sL~ ri , csnstruc.. i~j r., wc rr r:sri~~~ip , tes t
per ~ran~ e and cua~~ z y .  hccer~ ar.ce or astroval of mater ia l  our ing to~
course of manufacture snail not be construed as a cuarantee of its acceptance
in the finished rroduct. AU ccuitments shall have satisfactorily passed
the ~vtilicab 1e acceptance tests prior to delivery . ~c deliverable e~uir~cnt
sL~ti1. have uceruec more than ihI~ Cf ~tS  oterating life (includi’v ~ all testand check out tis~~) wnen received by the procur inr~ activity. If , during
test ing , 20~ of the useful life of a limited life i t em is exceeded (based
on the previously estahlishe~ replacemer.t schedule), those i tems must be
replaced prior to shipment tc the procuring activity and a final functional

Eng 200 S 1 1 . j ,
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14.14 (Continued )

performance check must be satisfactorily c~~tleted. Evidence of
nonccmpliance with the above shail constitute cat~~e f o r  rejection . For
noncc:~ )ly:r..~ e- -~u i r~~e:.t already accepted , it .~hal1 be the obligation of the
seller to designate the necessary corrections and incorporate then after
approval by the procuring activity . (Also see 14 .3.1) .

of Acceptance Tests. — Acceptance te sLs are
categorized as follows :

(a) Individual Tests

(b) Reliability Acceptance

Cc)  Final Operational Test

14 . 14.1.1 Inc lo~~ 1T ~ zt~~. — m~ i-:-Li uc.~ tes tc  ~~~~~~ ~c c~~~~ ctc~
or. t~ach c~ U 1~ -~~cL~t su~~~~t c~~ f~3r accc;-sance ‘ . - :~~o ’.c.~ ccmtract , -~‘rc sr~ul
consist of the tests specified nerein.

14.14.1.1.1 Exo~r~ir.ation of ?rcduct. — Each equipment shall be
exan~ned during apprcrriac~ stor~es of manufac ture and assembly to dot Inc
compliance w:~th ~cquirenent 9 of Standard .1IL_ ~~ D_L4 514 and the applicable
drawings.

14.14.1.1.2 Init ial  Orerat ioncil Test. — The operational tests sh~i’~1
estnblish t~’at the esuipme:~t , n oper-at~a in acccr~~ nce with tho arorov~~test proceuures of 14.7, ar.u ur.oer the St-anuard Csnaitions of 3.3.9, m~�et~
the applicable desI,~n reciuircments. Eefore test measurements are taken.
each equipocrit shall be oterated continuously for at least o~ic—hai f hour
after its tmcrrial s tabi l izat ion temoeratur e (~~ce Sectj cn 6) h~-n been reached .
Once the t ine  to reach thermal s t ab i l i za t ion  has beer. est a b.~ishcu , the
teziperature w.easurernents need not be repeated en subsequent equipments.

14.14.1.1.3 Manufacturing Bun—In Test. - Manufacturini~ ran—in
tests shall b~ per formed to eliminate manufactur ing  defects  from equipment
before subjectinr the e~uirment to further tests. Each ecuirment shall  be
operated under the san.~ ~‘xivironmental and cycling conditions as specified !n
14.14.1.2 for a period of 100 “ON” hours.

En,t 200 3 5 .( ,(,
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I+ .14.l.1.3.l Test Duration. - EacL basic test cycle shall be
repeated until the reqLired number of operating hours has been achieved.
Accrued test time is not ..t~quired to be continuous, i . e . ,  time out to
repair the equipment and verify the repair effectiveness in the event
of failure , shall be allowed but shall not count towards accrued burn-in
time . Failures occurring during the manufacturing run-in duration shall
not generally count against the reliability assessment of the equipment .
The seller shall, however , determine if the problem is due to worlotianship
or is design oriented , and take appropriate corrective action.

14 .14.1.2 Reliability Acceptance Test. - The equipment shall be
operated and the critical performance monitored under the following envi-
ronmental conditions , in accordanc e with the sellers approved test plan
and the cycling requirements of Figure 1 of Standard MIL-STD-78l as modified
by Specification A5 1CSRO 17.

( a )  Temperature -5~4 ° C to f7 1°C

(b) Vibration Any non-resonant frequency between
514 and75 }-Iz at l.5 g’s. (To be
applied for 10 minutes of each hour
of equipment ON time.)

Basic R e l i a b i l i t y  Acceptance Test. - The equipment shall
operat e consecutive failure free “ON” hours under the above environ-
me~ ta1 conditions . The test period shall be extended to a maximum of
h~- ,~rs until the failure free period is achieved . If 

— 
hours of test

t ime is rea~ tted without successful completion of the failure free period ,
th.’ equipment shall be deemed unacceptable , subjected to positive correc-
• - 

~~ n with the roncurrence of the procuring agency and resubmit-ted

~~r e under ii~: provisions of t h i s  paragraph.

/

H
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Reduced Reliability Acceptance Test. - When failure
history during RAT for the last 10 equipments shows that the observed
MTBF meets or exceeds the specif ied IITBF the 

— 
failure free “ON” hours

in a maximum of 
— 

“ON” hours as specified above, may be reduced to 
—and 

— 
hours respectively , subject to procuring activity ’s approval. The

procuring activity reserves the right to revert to the Basic Reliability
Acceptance Test whenever field failure experience is deemed unsatisfactory.
The Basic Rel iability Acceptance Test shall be automatically re-instated
whenever the combined MTBF (measured during RAT) of the last 10 units
subjected to the Reduced Reliability Acceptance Test falls below the
specified MTBF.

14 .14 .1.3 Final Operational Test. — The operational tests required
in 14 .lf .l .1.2 shall be repeated after the equipment s have passed all prior
acceptance tests. The equipments shall perform within the prescribed toler-
ances during both tests. Any significant variations between the data
obtained in the two tests of a given equipment shall be investigated by the
seller and the results of such investigation reported to the procuring
activity. A failure detected during final operational tests shall be charged
against RAT , and shall require re-running RAT unless the seller can establish
that the failure did not occur in RAT.

14.14.2 Acceptance Test t~ ta. - The seller shall furnish reports
with each shipment, showing quantitative results for all acceptance tests.
Each report shall identify the unit by part number and serial number, and
shall be signed by an authorized representative of the seller. Accrued
operating time shall be reported ( See 14 .5) .

14.5 Special T e s t s .  - Changes in design and material subsequent
to completion of the preproduction tests may require additional or revised
testing of the equipments involved. Such tests as are directed by the
procuring activity for the purpose of evaluating the changes on the perfor-
mance and quality of the revised equipments are classified as special tests.

I 0 21$I 4 K~. Ill!
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14 .5.1 Sco~ e_of Special_Tests .  — Test procelures oreviously
approved for the prerrorluctior~ tests shall be used where aotlicable. When
not aor’licable , the seller shall nrerare a test procedure snd subr i t  it
to the rrocurin~ ectivity for anrroval prior to conductin~ the tests .

14.5.2 ~pecial Test Schedule . Special tests shall be male
as follows :

(a )  As soon as dee me d pr~ cticab 1e by the trocurin~ activity after
an engineerjn~ or material c~ianne .

(b )  Whenever fai lure rerorts or other informat ion indicate  that
additional tents are renuired . (This will be determined by
the procurin.~ activity.)

Eoujnec’,t Fai1~ re. — The te’~rs feilure shall be as
defined in Section 6. Shou ]laf ’.Tlure occur durinr ’  an” of the aecert~ nce
or s~ ecia1 tes~t~ srecified h e”ein , the fo l lowi r.~ act iofl  shell be taken:

(a) Im~etiate]v nr,tifv th~ rrccurinr rictivitv ’~ rer’reser.t~.tive.

(h )  Prerare a ~a 1funct ~ on ror-ort , not irc ’  siisrected cause, and
subr’it to pr ocurin~ a c t i v i ty .

Cc) Determi ne the cause of failure .

Cd) i)etermir.e if the  failure is a recurrixw manufacturinn problem
or desirn deficier.cv . . —

C e )  Submit ar ’alvsis to the rrocuri n~ activity .

(f) submit to th~ trocurinc~ activity for annrovnl the proposed
corrective action intended to reduce the nossibility of the

- 
same failure (s) recurrinr.

14.6.1 Correction ‘/alidatior . — When a failure occurs durir:~
accet,tance r~r snec ial tests , t~~e i-.:iivjdual tent resuire’-cnt~ nc~ie 1u ic
shal l  in c lude  a tn st  to c”rc~: all esujrr’~nt for the noted nonconf~or~ rtnce
u n t i l  i t  has oeen det~ r — i r .n-~ ~~it the defect  has been satisfactorily
corrected .

£stg 2OO.~ 5- f .o
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14.7 Test_Procedures. — The procedures used for conducting
preproducticn tests and acceptance tests shall be prepared by the seller
and submitted to the rro~uring activity for approval . The right is
reserved by the procuring act ivi ty to modify the tests or to require any
additional test procedure or details deemed necessary to determine
compliance with the requirements of this specification. The test details ,
such as f ix tu re  desi~ ri , the length of the test cycle , the length of heat
portion of the cycle , the performance character is t ics  to be measurea ,
special failure cri teria , preventive maintenance to be allowed during the
test , thermocoup].e and accelerometer locations, instrumentation description ,
etc., shall he par t of the test procedures to be submitted . In addit~ cn ,
the teat procedures shall includ e a list of limited life item s with their
replacement schedules. Specif icat ion I’IIL—T—16303 shall be used as a guide
for the preparation of test procedures. -

14.8 ~~1~~~ion and Fetest. — Eouinment which has been
rejected may be reworked , or have parts replaced to correct the defects ,
and resubmitted for ~cc~ ptince. i~efere resu~nittal, full part jc~~~ rs
conccrnin~; vrevicco ~~~~~~~~~~~~~~~~~~~ ar .i t~ e acticn taken to cc-rr~ ct t~e -~.c:ccts
found in the o’ir-ir . c l  s~. s~Ji  be :‘~.rn iche~i to the r rc curmn~ act~ v~ t y .  -‘~f tt ’r
corrections have been made , all tests deemed necessary by the rrocuring .
act ivity shall be repeated .

14.8.1 Defects in Item s Already_Accented . — When investiga-
tion of a test failure indicates t~at like d e fec ts  exist or could exist
in item s already accepted , the seller shall so auvise the trocuring
activity ,  designate the necessary corrections and i ncorporate them after
approval by the rrocurmn~ activity .

Lng 2Ofl .~ ‘-66 
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a. Series Injection Test Setup

AC Power Le ads Test

L 20 rnicroher.ri~~s

b. Parallel Injection T~zt Setup

L

~C Power Le ad s 
— _____ 

Test
Sample

Transient f
Gene rator 

________ 
Oscilloscope

L = 20 microhenries

FIGURE 14.2
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5 PREPARATION FOR DELIVERY

5.1 General. — All major units and parts of the equi~ oent
shall be preserved , packaged , packed and marked for the level of shi~~ientspecified by the procuring activity.

6 N~YrES

6.1 Intended Use. —

6.2 ~~dering Data. — Purchasers should exercise any desired
options offered herein , and procurement documents should specify the
following :

(a) Title , number , and date of this specification .

(b) Selection of applicable levels of rackaging and packing (Sec 5.1).

6.3 Prece ’5ence of_Documents. — t.hen t~ requirements c’f
the contrac t, thio stecific~.ticn , or aprlit~ b e  subsidiary specifications
are in conflict , the following precedence shall apply:

(a) Contract — The contract shall have precedence over any
specifica cion .

(b) This Specification — This specification shall have precedence
over all azmiicable subsidiary s rec i f ic-at ions.  Any deviation
from this sp ec i f ica t ion , or from suisidiary soec i f ica t ions
where applicable , shall be spec ifically approved in wr i t.ir.~ by
the procuring activity.

(c)  Referenced SDeclfications — Any referenced specification shall
have precedence over all atniicable subziaiary specifi .~ations
referenced therein. All referenced specifications snail aroly
to the extent specified .
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6.14 Performance Objectives. - Min~~um size and weight ,
simplicity of operation, ease of maintenance, and an improvement in the
performance and reliability of th€ specific functions beyond the requirements
of thi s specification are objectives which shall be coT dered in the product-
ion of thi s equipment . Where it appears a substan i~~ reduct ion in size and
weight or improvement in simplicity of design, per - - -~mance, ease of inainten-
ance or reliability will result from the use of materials, parts and processes
other than those specified in Specification MIL-E-51400, it is desired their
use be investigated. When investigation shows advantages can be realized ,
a request for approval shall be suth-t i t ted  to the procuri ng acitivity for
consideration. Each request shall be accompanied by complete supporting
information.

6.5 Defi nitions. -

(a )  Procuring Activity - The procuring activity as referenced in
thi s specification shall mean the Grumman Aerospace Corporat ion
which is defined as the prime contractor procuring activity for
the Naval Air Systems Command. The government procuring actsi vity
for the F-114 Weapon System is the Naval Air Systems Command ,
Washington, D.C.

(b )  Seller — The seller Is the agency responsible to -. ruinman for
supplying the equipment described in this  specificat ion.

(c) Failure - A failure is the inability of an it-em to perform -u .s
required function within specified limit r under specified
conditions for a specif ied duration .
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6.6 (Continued)

C d ) Thermal Stability — Thermal stability is the conditions attained
in an equi~ineut when the rat e of temperat ur e change of its
largest thermal mas s becomes less than 2°C per hour or as specified
in Specification MI L— T— 51422 .

( e )  Non—Con formance — A condition of any article , mater ial or service
in which one or more characteristics do not conform to the specified
req uire ments.

Cr ) Symbols — The symbol ( ) ,  when used in the type desig nation vii].
be deleted or replaced by either a number or a letter upon
assignment of nomenclature.

6.6 Testing Groun d Rules . -

6.6.1 General Rules. - The following ground riles apply to
the design verification , preproduction , accept ance , and special tests
required herein , and supplement those found in the ref er enced specifications .
See 6.6.2 for additional rules that apply to reliability assurance tests .

(a) A complete physical inspection and Quality Control sign-off
shall be made prior to any test and af ter each removal and
replacement of components during a test cycle.

(b) A survey shall be conducted on one unit prior to test to
determine the time required to reach thermal stability. This
shall be accomplished by monitoring a thermocouple located as
closely as possible to the core of the item of greatest thermal
inertia . The time requi r ed to reach cold soak temperature shall
be determined with the equipment not operating . The time required
to reach the upper operating temperatur e limit shall be determined
with the equipment operating.

( c )  Throughout the progra m and after every design change , the
equipment being tested and the test tixture(s) shall be
operated as integrated units to assure compatibility.

• .,-~ 2(10-U ~ -~14 
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6.6.1 ( Continued )

C d ) Th. self—test provisions of the equipment under test shall be
utilized to the maximum extent for determination of equipment
performance during test , provided the ix,nitoring means employed
enables positive recognition of equipment fai lures .

C e )  Anticip ation of failure shall not be justification for
preventive maintenance , i.e., if an out put is observed to be
degrading but is still within specification limits , no replace-
ment or adjustment will be permitted unless such adjustments
are normally mad e by means of crew operat ed controls .

Ct )  Normal flight line maintenance (adjustments, replacements of
limited life items , etc . )  shall be permitted only at periods
specified in the maintenance manual for tha t specific equip-
ment .

6.6.2 Reliability Demonstration Rules. — The following rules
supplement those in 6.6.1 for reliability demonstrations.

(a) During the initial fixture/equipment compatibility check ,
oper ating time and fai lures shall be documented and the failur es
reported , but neither this t ime nor these failures shall be
included in the reliability calculations.

(b) Operatin g time required to check the validity of repairs
during the compatibility phase shall be documented but omitted
from reliability cal culations . This time shall not exceed 8
hours .

(c) Total test operating time per unit , including the time for
fixture/equ ipment compatibility check , shall not exceed 20
percent of the equip ment useful life. Ite ms exceeding this
limit shal l be repo rted.

I ’ic 2~0.U ~~~~ 

~~~~~~ — .- -
~~~~~~~~:

-
~~~~~~~

-
~~~~~~~~~~~~~~~ 

- •
~~~~~~



- • - - — - - . .~~~~---..-~~~~~.-  -~~~-- -•-- .-- -- -.. -~~. - -

4 DISTRIBUTION LIST

Report No. NADC.77076.30

No. of
Cop ies

NAVAIRSYSCOM , AIR.954 8
(For retention A IR.954 2 copies )
( For A IR-340D 2 copies)
(For AIR-5335 1 copy)
(For AIR-53351 1 copy)
(For AIR-53351D 2 copies)

DDC 12

NAVAIRDEVCEN (Attention: K. Quiring , Code 30421) 20/1


